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PREFACE 

This  volume  has  been  prepared  to  meet  the  demands  of  car 
owners  and  repairmen  who  wish  to  know  the  installations, 
operation  and  repair  of  all  of  the  various  i^ition,  starting  and 
lighting  systems.  The  authors  have  assumed  that  the  readers 
have  a  working  knowledge  of  the  fundamental  principles  of  the 
electrical  circuit  and  the  entire  book  is  devoted  to  a  discussion 
of  tile  various  systems.  The  readers  wishing  a  thorough  treat- 
ment of  the  fundamental  principles  of  electricity  .and  their  ap- 
plications to  the  motor  car  are  referred  to  the  Authors'  book 
entitled,  "Electrical  Equipment  of  the  Motor  Car,"  published  by 
the  U.  P.  C.  Book  Company,  Inc. 

Chapter  I  is  devoted  to  a  general  discussion  of  wiring  dia- 
grams and  the  proper  method  of  tracing  the  various  electrical 
circuits  as  shown  in  the  diagram.  A  thorough  understanding 
of  a  wiring  diagram  and  a  careful  analysis  of  a  case  of  elec- 
trical trouble  will  in  the  majority  of  cases  enable  one  to  locate 
the  cause  of  the  trouble  quite  definitely.  • 

Chapter  II  is  devoted  to  the  electrical  equipment  on  the 
model  T  Ford  previous  to  the  installation  of  the  F.  A.  starting 
and  lighting  system. 

Chapters  III  to  XVIII  inclusive  are  devoted  to  special  start- 
ing, lighting  and  ignition  systems  for  the  Ford  car,  such  as 
Gray  and  Davis,  Westinghouse,  Heinze- Springfield,  Everready, 
Gene  motor,  Disco,  Fisher,  Splitdorf,  Dyneto,  North  East,  Geno- 
lite,  Hendricks,  Kemco,  Atwater  Kent,  Dixie,  Bosch,  Vibrator- 
Les,  and  Philbrin. 

Chapters  XIX  to  XXXVI  inclusive  are  devoted  to  a  complete 
analysis  of  the  following  starting,  lighting  and  ignition  systems. 
Auto-Lite,  Delco,  North  East,  Wagner,  Bijur,  Remy,  Simms- 
HuiT,  Westinghouse,  Gray  and  Devia,  U.  S.  L.,  Leece-Neville, 
BoBch-Rushmore,  Dyneto,  Heinze,  Alii s-Ch aimers.  Disco  and 
Ward  Leonard. 

Chapter  XXXVIII  is  devoted  to  "Maintenance  and  Repair  of 
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Electrical  Equipment  and  how  to  Diagnose  Electrical  Troubles." 
This  cliapter  is  divided  into  four  parts  as  follows:  Part  I 
treats  of  the  general  points  of  maintenance,  such  as  solderii^ 

and  taping  points,  care  of  generators  and  motors,  care  of  stor- 
age batteries  and  adjustment  of  cutouts.  Part  II  treats  of 
the  testing  equipment  such  as  lamps,  ammeters,  voltmeters,  etc. 
Part  III  gives  a  general  classification  of  electrical  troubles 
and  simple  practical  tests  for  locating  same.  Part  IV  gives 
the  method  of  procedure  in  testing  out  a  complete  electrical 
system. 

Chapter  XXXVIII  is  devoted  to  a  complete  description  of 
the  F.  A.  starting  and  lighting  system  for  the  Ford  car.  Par- 
ticular attention  is  given  to  the  methods  of  testing  and  locat- 
ing faults  in  the  system. 

Numerous  special  wiring  diagrams  are  given  throughout 
the  book  which  have  been  specially  prepared  so  a^  to  illustrate 
the  actual  installation  of  the  electrical  equipment  in  a  clear 
and  simple  manner. 

A  number  of  special  electrical  specification  tables  have  been 
prepared  to  assist  the  readers  in  readily  determining  the  nature 
of  the  electrical  system  used  on  any  car  together  with  the 
details  of  that  system.  These  tables  will  enable  the  owner  or 
repairman  to  pick  out  the  correct  lamp,  fuse,  etc.,  for  each 
system,  thus  eliminating  all  guess  work  or  improper 
substitutions. 
May,  1920. 

DAVID  PENN  MOEETON. 
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Reading  Wiring  Diagrams 

INDrVTDTIAL  ayatems  of  starting,  lighting  and  ignition  for 
motor  cara  as  manufactured  by  the  varioua  companies  vary 
conaiderably  in  detail,  and  the  component  parta  of  the  same 
type  and  make  of  system  are  often  of  different  construction  when 
used  on  cars  of  different  make,  but  in  principle  all  are  alike. 

Every  standard  starting,  lighting  and  ignition  system  must 
include  the  four  following  important  component  parts; 

1— The  generator. 

2 — The  storage  battery. 

3 — The  electric  motor. 

4 — A  means  of  producing  the  spark  in  the  engine  cylinders. 

The  function  of  these  component  parts  are: 

The  generator  is  connected  mechanically  to  the  engine  and 
irhen  its  arn^ature  is  made  tb  rotate  by  the  engine,  a  part  of 
the  mechanical  energy  of  the  engine,  or  its  ability  to  do  work,  is 
transformed  into  electrical  energy  and  the  electrical  energy 
which  is  delivered  by  the  generator  may  be  used  in  charging  the 
storage  battery,  in  lighting  the  lamps,  operating  an  electric 
beater,  producing  the  spark  in  the  engine  cylinders,  etc. 

The  storage  battery  serves  as  a  means  of  storing  energy  while 
it  is  available  from  the  generator  and  then  delivering  it  at  such 
time  as  it  may  be  called  upon  to  do  so.  Thus,  while  the  engine 
is  operating  the  generator  and  the  generator  is  capable  of  de- 
livering electrical  energy,  this  energy  may  be  stored  in  the  bat- 
tery and  then  delivered  to  the  starting  motor,  lights,  ignition 
system,  etc.,  as  conditions  may  demand. 

The  electric  motor  is  a  device  for  transforming  electrical 
energy  into  mechanical  energy  which  may  be  used  in  cranking 
the  engine.  The  electrical  energy  supplied  by  the  storage  bat- 
tery when  it  is  allowed  to  discharge  through  the  starting  motor 
circuit  thus  is  utilized  in  starting  the  engine. 
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The  ignition  device  trausfonuB  eleetrleal  enei^,  wliieh  maj 
be  supplied  hy  the  storage  battery,  dr;  batter;  or  magneto,  into 
heat  energy  in  the  spark  in  the  engine  cjlindera  and  thus  pro- 
dnee  the  explosion  of  the  gases  and  cause  the  engine  to  operate. 
In  addition  to  the  four  component  parts  given,  various  addi- 
tional parts,  such  as  wires,  ewitcheB,  connectors,  ammeters,  volt- 
meters, fuses,  circuit-breakers,  automatic  current  and  voltage 
regulators,  etc.,  are  necessary  for  the  convenieot  and  safe  opera- 
tion of  the  four  main  component  parts. 

Wring  Diagrams  and  Ssmnbob 

All  manufacturers  of  electrical  equipment  snpply  wiring  dia- 
grams which  show  the  proper  connections  of  their  apparatus. 
Buch  wiring  diagrams  often  permit  a  circuit  to  be  traced  much 
more  easily  than  Is  possible  if  the  actual  wires  on  the  car  have  to 
be  followed  through.  Consequently  the  ability  to  read  a  wiring 
diagram  is  essential  in  locating  tronbles  in  circuits. 

Certain  conventional  symbols  have  come  to  be  used  almost  uni- 
versally in  wiring  diagrams  to  represent  the  different  pieces  of 
apparatus  and  their  connections.  Those  are  shorthand  pictures 
of  the  thing  represented.  They  are  not  all  standard^  but  some  of 
them,  such  as  the  symbols  for  the  ground  connection  and  the  bat- 
tery, are  standard.  Lamps,  for  instance,  may  be  represented  by 
s  circle,  a  bulb,  or  the  complete  lamp  assembly. 

The  more  usual  symbols  are  illustrated  on  the  facing  page. 

A  Typical  Installation 

Before  taking  up  the  individual  systems  we  will  take  up  an 
assumed  system  which  is  typical  of  all  the  common  installations 
on  modern  ears.  In  this,  illustrated  in  Figs.  1,  2  and  3,  the  side- 
lights are  incorporated  with  the  headlights,  there  being  two 
bulbs  in  each  headlight,  one  low  csudlepower  and  one  high 
candlepower.  Lights  and  born  are  connected  through  a  main 
switch  on  the  cowL 

Some  means  of  connecting  and  disconnecting  the  generator 
and  battery  is  provided  in  the  majority  of  cases  to  prevent  a 
discharge  of  the  batteries  through  the  generator  when  the  volt- 
age of  the  generator  is  lower  than  the  voltage  of  the  battery. 
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This  <levice  ia  called  a  eut-out  and  H  has  been  omitted  from  the 
iliagramB,  for  the  sake  of  clearneBs. 

Tncmg  tiie  Circuit 

The  generator  in  this  ease  is  connected  to  the  engine  shaft  by 
a  silent  chain,  and  the  circuit  thtough  which  the  generator  sends 
the  charging  current  for  the  storage  battery  may  be  traced  ia 
Figs.  I,  2  or  3  as  follows;  Starting  with  the  ground  connection 
UI,you  follow  along  the  wire  1,  through  the  generator  along  wire 
2,  through  the  ammeter,  along  wire  6  to  junction  point  7,  then 
along  wire  S  to  the  battery,  through  the  battery  and  along  wire 
0  to  the  frame  of  the  car,  which  is  the  same  as  the  ground  con- 
nection Gl,  from  which  you  started,  since  alt  indicated  groun<]  ' 
connections  are  in  reality  connections  to  the  frame,  and  in  such 
cases  the  electrical  circuit  is  completed  through  the  chuBsis. 

It  sometimes  is  difBcult  to  determine  from  a  wiring  diagram 
or  from  the  wires  themselves  on  a  car  just  which  of  two  or  more 
ivirea  at  a  junction  are  taking  the  current.  This  always  can  be 
ascertained  by  remembering  that  current  will  flow  only  where 
there  is  a  complete  circuit,  for  instance,  in  the  circuit  just  men- 
tioned all  the  switches  are  open,  except  the  connection  between 
the  generator  and  battery,  and  that  therefore  is  the  only  com- 
plete circuit.  Consequently  when  we  come  to  the  junction  of  the 
two  wires  at  the  ammeter  we  know  that  no  current  is  going  up 
on  wire  4  to  terminal  26  on  the  cowl  switch  because  this  switch 
is  open,  and  the  horn  button  and  the  cowl  light  switch  33  are  open 
so  that  there  is  no  connection  to  any  circuits  out  of  the  switch. 
Likewise  when  we  come  to  junction  point  7  we  know  that  all  the 
current  must  pass  down  through  wire  8,  and  none  through  wire 
12,  because  the  starting  switch  is  open. 

The  ignition  in  this  case  is  provided  by  a  high-tension  mag- 
neto driven  from  the  engine  shaft  by  gears.  The  ignition  cir- 
cuit  is  not  shown  in  detail  but  it  is  controlled  by  the  ignition 
switch  shown  in  the  upper  right-hand  corner. 

.The  motor  circuit  may  be  traced  in  a  similar  manner  by  start- 
ing with  the  ground  connection  G2.  You  follow  along  the  wire 
10,  through  the  motor  along  the  wire  11  to  the  starting  switch, 
through  the  starting  switch,  when  it  is  closed,  along  the  wire  12 
to  the  junction  point  7,  along  the  wire  8,  through  the  battery, 
along  the  wire  9  to  the  frame  of  the  car,  which  is  the  same  as 
the  ground  connection  G2,  from  which  you  started.     The  motor 
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switch  in  thia  case  U  operated  by  pressing  on  a  pedal,  which 
also  causes  a  pinion  P  on  tlie  motor  shaft  connection  to  engage 
with  a  gear  on  the  flywheel  and  thus  establish  a  mechanical 
connection  between  the  motor  and  the  engine  shaft.  This  me- 
chanical connection  between  the  engine  and  the  motor  is  main- 
tained and  the  electrical  circnit  through  the  motor  and  battery 
remains  closed  a^  long  as  the  pedal  is  pressed  down. 

Tbe  electrical  circuit  for  the  low-candlepower  headlights, 
when  they  are  operating  ofF  the  storage  batteries,  may  be  traced 
as  follows;  Starting  with  the  frame  of  the  car  or  grounded 
terminal  of  the  battery  you  pass  along  wire  9,  through  the  bat- 
tery and  along  wire  8  to  junction  point  7,  then  along  wire  6 
through  the  ammeter  along  wire  4  to  terminal  26  of  the  cowl 
switch,  then  from  terminal  14,  when  the  switch  is  closed,  along 
wire  15  through  fuse  16,  along  wire  17  to  the  Junction  point  18, 
where  the  circuit  divides,  part  of  the  current  passing  through 
bulb  LI  to  ground  G3  and  part  through  bulb  L2  to  ground  G4. 
The  ground  oonneetiona  G3  and  G4  are  the  same  as  the  point 
from  which  you  started.  The  circuit  for  the  high-can dlepower 
headlight  is  the  same  as  that  for  low-candlepower  lights  up  to 
terminal  26,  then  with  switch  thrown  to  terminal  23  you  pass 
along  wire  22,  through  21,  along  wire  20  to  junction  point  19, 
where  circuit  divides,  part  of  current  going  through  bulb  L3 
to  ground  G5  and  part  through  L4  to  ground  G6.  It  will  be  ob- 
served that  this  last  circuit  was  traced  through  the  battery  in 
the  opposite  direction  to  that  of  the  generator  and  motor  cir- 
cuits, but  the  results  are  just  tbe  same  except  in  one  case  you 
will  follow  along  the  circuit  in  the  direction  of  the  current  and 
in  the  other  case  in  the  opposite  direction.  In  each  case  you 
must  return  to  the  point  from  which  you  started. 

The  circuit  for  the  cowl  light  is  the  same  as  the  headlights  up 
to  switch  terminal  26,  then  along  wire  24  through  the  cowl  light 
switch  33  and  bulb  along  wire  25  to  the  ground  connection  G7. 
The  circuit  for  the  horn  is  the  same  as  that  for  the  headlights 
up  to  terminal  26  on  the  cowl  switch,  th^  along  vrire  27  through 
fuse  28,  along  wire  29  and  through  the  horn  along  wire  30 
through  the  horn  button  when  it  is  closed  to  the  ground  con- 
nection G8. 

The  circuit  for  tbe  tail  light  may  be  traced  as  follows:  Prom 
the  frame  of  the  car  along  wire  0  through  the  battery  along 
wire  8  to  the  jauction  point  7  along  wire  6  through  the  ammeter 
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along  wire  4  to  terminal  26  to  terminal  13  when  switch  is  elosed 
through  wire  3  through  the  fuse  31  along  wire  32  through  the 
taillight  and  to  the  ground  connection  G9. 

Asauming  the  generator  ia  not  charging  the  battery  and  that 
all  lighta  are  turned  on  and  the  horn  button  ia  closed,  determine 
the  current  in  the  different  wires.  Wires  9,  8  and  6  will  be  car- 
rying the  total  current  supplied  by  the  battery.  The  current  in 
wire  12  will  bo  zero,  ainco  the  motor  switch  ia  open,  so  that  the 
current  through  the  ammeter  is  that  taken  by  the  largo  and 
amall  headlights,  horn,  taillight  and  cowl  light.  Wires  4,  3  and 
32  carry  the  current  for  the  taillight.  Wire  4  carries  the  cur- 
rent taken  by  the  horn,  headlight,  taillight  and  cowl  light. 
Wires  27,  29  and  30  carry  the  current  taken  by  the  horn.  Wires 
15  and  17  carry  the  current  taken  by  the  low-candlepower  head- 
lights. Wires  20  and  22  carry  the  current  taken  by  the  high- 
candlepower  headlights.  If  the  motor  switch  is  closed,  the  cur- 
rent in  wires  8  and  9  will  be  equal  to  the  current  supplied  by 
the  battery,  and  wirea  10,  11  and  12  will  carry  the  motor  current. 

Assuming  the  motor  circuit  open  and  all  the  other  circuits 
closed  and  the  generator  delivering  current,  if  the  current  de- 
livered by  the  generator  ia  Juat  equal  to  the  current  taken  by  the 
horn,  taillight,  cowl  light  and  headlights,  there  will  be  no  cur- 
rent in  the  ammeter.  If  the  current  delivered  by  the  generator 
exceeds  in  value  the  current  taken  by  the  horn,  tail,  cowl  and 
headlights,  the  current  in  the  ammeter  wilt  be  toward  junction 
point  7,  and  the  ammeter  will  show  charge.  Should  the  value 
of  the  generator  current  exceed  that  of  the  combined  currents 
talcen  by  the  horn,  taillight,  cowl  light  and  headlights,  a  charg- 
ing current  will  be  sent  along  wires  6,  S  and  9.  When  all  the 
lamps  and  horn  are  disconnected,  all  current  supplied  by  the 
generator  passes  through  the  battery.  If  the  terminal  voltage 
of  the  generator  ia  lower  than  the  terminal  voltage  of  the  bat- 
tery, then  the  battery  will  supply  current  to  all  the  lamps  and 
horn  and  in  addition  send  a  current  through  the  generator,  un- 
less the  connection  between  the  generator  and  battery  ia  broken 
by  aome  form  of  cut-out,  and  the  generator  will  tend  to  operate 
as  a  motor.  When  the  battery  ia  aupplying  current  through  the 
lighta  or  horn  the  ammeter  will  show  discharge. 

The  reader  must  bear  in  mind  always  that  every  electrical 
circuit  is  juat  like  a  circle.  It  has  neither  beginning  nor  end. 
It  is  absolutely  imperative  that  you  be  able  to  trace  the  varioui 
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electrical  circuits  on  the  motor  car  to  clearlj  understand  their 
operntiun  aud  kftow  bow  to  test  and  locate  readily  the  vanooB 
causes  of  trouble  whiLh  are  likely  to  ariae  Always  bear  m 
mind  that  eloLtncity  la  not  usel  up  an  1  juft  aa  mu(h  returns 
to  the  generator  or  battery  as  leaves  it  It  is  the  energy,  or 
abilitj  to  do  work,  possessed  by  the  ekctrieiti  when  it  leaves 
the  generator  or  battery  when  the  bntteri  is  lischarging  which 
IB  used  ID  the  eleLtrieil  circuit 

Using  a  Wiring  Diagram 

The  primary  purpose  of  ever}  wiring  diagram  of  a  starting, 
lighting  or  Ignition  svBtem  is  to  show  the  proper  electrical 
connections  between  the  ■various  devices  which  go  to  make  up 
the  complete  systems  These  wiring  dngrams  are  often  quite 
a  puzzle  to  the  inexperienced  man,  and  also  to  the  man  who  has 
not  taken  time  to  gne  these  the  neiei'^arv  consideration  m  con 
nettion  with  the  installation,  mamteuanoe  or  repair  of  the  dif 
ferent  systems  which  he  has  worked  upon 

One  of  the  chief  reasons  why  a  wiring  diagram  is  of  no  real 
assistance  to  the  ma i on tj  of  men  working  on  the  elect filbI 
cqmiment  of  motor  cars  is  due  to  their  lick  of  a  clear  conception 
of  the  proper  operation  of  the  various  electrical  circuits  which 
go  to  make  up  the  complete  systems  Another,  and  almost 
equally  important  reason,  is  the  la  k  of  snflicieut  imagination 
to  follow  along  the  various  electri  al  circuits  ju*"t  as  though 
the  wires  anl  different  devices  were  suspendel  in  space  and 
absolutely  independent  of  all  other  parts  of  the  car  Tie  rela 
tions  of  the  component  parts  of  a  starting,  lighting  and  ignition 
system  were  shown  in  Fig  1  The  various  electrical  circuits 
were  tracel  in  detail  for  practically  all  conditions  of  operation 
of  the  different  combinations 

The  actual  locations  of  the  different  parts  of  a  starting,  light 
ing  and  ignition  system  similar  to  the  one  shown  in  Fig  1 
as  thev  would  appear  on  the  car  are  shown  in  lig  2,  which 
might  be  called  a  ghost  view  of  the  electrical  equipment  and 
circuits  The  various  electrical  circuits  traced  in  Fig  1  easily 
may  be  traced  in  Fig  2  by  using  exactly  the  same  destnp 
tion  as  the  same  lettering  has  been  used  in  both  caries 
6uch  a  diagram  should  be  of  great  value  to  the  repair  man  in 
tracing  the  actual  electrical  circuits  on  the  car,  as  he,  bv  ref 
ereqce  to  this  kind   of  a   diagram,  easily  can  identify  each  in 
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,  dividual  conductor,  the  eircuit  to  which  it  belongs  and  the  cur- 
rent it  la  supposed  to  carry  under  normal  conditions.  Diagrams 
of  this  liind  will  be  given  in  connection  with  the  leading  makes 
of  systems  to  be  described  later. 

A  type  of  wiring  diagram  usually  supplied  by  the  manufac- 
♦urers  of  starting,  lighting  and  ignition  equipment  is  shown  in 
Fig.  3.  This  is  a  diagram  of  the  same  system  shown  in  Figs, 
1  and  2j  and  the  same  lettering  has  been  used  in  designat- 
ing the  different  parts,  wires  and  connections  as  was  used  in 
Figs.  1  and  2.  It  thus  is  seen  that  the  wiring  diagram  itself 
merely  gives  the  different  electrical  connections  without  refer- 
ence to  the  relative  location  of  the  different  parts  and  devices 
forming  the  various  electrical  circuits. 

Analysis  of  Trouble 

The  various  kinds  of  individual  troubles  which  may  occur  on 
any  particular  system  are  so  numerous  that  it  would  be  im- 
possible to  expect  the  reader  to  wade  through  a  detailed  descrip- 
tion of  each  and  every  one.  A  description  of  the  more  im- 
portant ones  and  those  that  are  most  likely  to  occur  will  be 
given,  and  with  these  as  a  basis  the  reader  may  go  on  and  study 
the  more  uncommon  cases  and  perhaps  more  complicated  cases. 

You  must  have  in  mind  that  there  are  three  things  associated 
with  every  electrical  circuit,  namely,  the  resistance  of  the 
circuit  which  opposes  the  free  movement  of  the  electricity 
around  the  circuit,  the  electrical  pressure,  or  electricity  moving 
force  which  causes  the  electricity  to  move  through  the  circuit, 
and  the  electric  current  which  is  a  measure  of  the  rate  at,  which 
the  electricity  is  moving  just  as  the  current  in  a  river  is  a 
measure  of  the  rate  at  which  the  water  is  moving  down  the 
river.  The  rate  at  which  the  electricity  moves,  or  the  current, 
in  amperes  is  equal  to  the  effective  electrical  pressure  in  volts 
acting  in  the  circuit  divided  by  the  resistance  of  the  circuit 
in  ohms.  Thus  if  a  lamp  circuit  has  a  resistance  of  2  ohms  and 
the  electrical  pressure  in  this  circuit  is  6  volts,  a  current  equal 
to  6  divided  by  2,  or  3  amperes,  will  be  produced  when  the  cir- 
cuit is  closed.  The  effective  pressure  as  used  means  the  dif- 
ference in  the  sum  of  the  pressure  acting  in  one  direction  around 
the  electrical  circuit  and  the  sum  of  the  pressures  acting  in 
the  opposite  direction.  Thus  if  a  generator  having  a  terminal 
pressure  of  7.5  volts  is  irharglng  a  battery  whose  terminal  pres- 
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sure  is  7  volts,  an  effective  preBsure  of  7.S  minus  7  or  .S  volts 

will  be  acting  in  the  circuit 

In  order  that  there  be  an  electrical  current  in  any  circuit  an 
effective  pressure  must  be  acting  m  the  circuit  and  the  circuit 
must  be  closed  So  in  any  elcctrnal  circuit  jn  which  there  is 
no  current  the  diffiiulty  is  due  to  thure  being  no  electrital 
pressure  \a  the  circuit  or  the  circuit  is  not  closed  For  example, 
if  the  ammeter  iniicates  zero  current  when  the  headlights  are 
turned  on,  see  Figs  2  and  3,  you  immeiiately  know  the 
difficulty  Either  there  is  no  electrnal  pressure  or  the  circuit 
IS  open  If  at  the  same  time  the  cowl  and  taillights  operate 
normallj,  you  immediately  know  that  the  difficulty  is  not  due 
to  a  laclt  of  electrical  pressure  but  to  an  open  circuit  An 
inspection  of  the  iliagrams  in  Figs  2  and  3  will  show  that 
all  the  ^anous  light  circuit-"  have  certain  wires  and  connections 
in  common  That  is  starting  with  the  frame  of  the  car  you  can 
pass  along  wire  9,  through  the  battery  along  wire  8  to  the 
junction  point  7,  ilong  wirp  6  and  through  the  ammeter  along 
wire  4  to  terminal  26  on  the  cowl  switch,  where  the  circuit 
branches  to  the  horn,  the  cowl  light  and  the  tail  and  headlights 
through  the  cdwI  swit  h  If  the  cowl  and  taillights  operate, 
all  connections  and  wites  along  the  circuit  just  traced  are  0  E. 
up  to  the  terminal  26  on  the  cowl  switch  If  neither  the  low 
I  or  high  candlepower  bulbs  will  burn,  the  difficulty  is  more  than 
hkeh  in  the  switch,  although  both  fuses  21  and  16  may  be  burnt 
out  The  fuses  miv  he  teste  1  by  connecting  the  terminals 
with  a  pair  of  phers  or  a  short  piece  of  wire,  thus  closing  the 
circuit  if  the  fuse  is  burnt  out  The  connections  in  the  switch 
may  be  tested  by  connecting  terminals  26  with  terminals  23 
and  19  respectively 

If  neither  of  these  tests  locate  the  difficulty,  the  circuit  is 
open  at  some  other  point  or  it  may  be  open  at  both  the  fuses 
and  switch,  in  which  case  neither  of  the  tests  would  locate  the 
trouble  A  te'it  lamp  whose  \  oltage  corre'iponds  to  that  of 
the  headlights  may  be  u-icd  as  follows  m  locating  the  difficulty 
Mount  the  lamp  in  a  socket  provided  with  fleiible  terminals 
scleral  feet  long  and  connect  one  of  the  free  ends  of  the  Act 
ible  wire  to  the  frame  of  the  car  and  the  other  to  terminal  26 
on  the  cowl  switch  If  the  teit  lamp  lights  it  is  O  K  and  the 
circuit  IS,  of  course,  0  K  up  to  the  terminal  28,  as  the  cowl 
light  burned       Turn  the  cowl  switch  so  the  Ugh  candlepower 
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light  should  burn  and  then  connect  the  free  terminal  of  the  test 
lEiinp  to  the  terminal  19,  &nd  if  the  test  lamp  hnrns  the  switch 
ia  O.  K.  If  the  lamp  does  not  burn,  the  connection  in  the 
switch  is  at  fault.  If  the  switch  is  0.  K.,  proceed  to.  the  right- 
hand  terminal  of  fuse  21  and  again  test.  If  the  teat  lamp  burns, 
wire  22  is  O.  K.  Then  touch  the  left-hand  terminal  of  fuse  21, 
and  if  the  lamp  burns  the  fuse  is  O.  K.  Next  go  to  junction 
point  19,  if  it  is  possible  to  make  electrical  connections  there; 
if  not,  open  up  headlights  and  test  circuits  by  applying  end 
of  test  circuit  to  terminals  in  lamp  sockets.  Proceed  along 
the  circuit  in  this  manner  until  you  reach  a  point  on  the  circuit 
where  the  test  lamp  does  not  light.  The  circuit  is  open  between 
this  point  and  the  last  point  where  it  did  light.  This  same 
line  of  reasoning  will  apply  to  every  electrical  circuit  on  the 
ear,  and  difficulties  caused  by  open  circuits  easily  may  be  located 
by  following  carefully  the  wiring  diagram. 

The  importance  of  the  wiring  diagram  in  locating  cases  of 
trouble  thus  is  readily  seen,  and  you  cannot  become  too  familiar 
with  these  diagrams  for  the   different  systems. 

If  the  System  happens  to  be  grounded  at  some  point  that  is 
not  supposed  to  be  grounded  you  can  test  for  such  a  ground 
as  follows.  First  remove  all  grounds  from  the  system  as  shown 
in  the  wiring  diagram.  This  may  be  done  by  disconnecting 
the  grounded  terminals  of  the  battery  and  the  grounded  ter- 
minal of  the  generator  and  removing  all  tamps.  The  ground 
connection  for  the  horn  circuit  and  starting  motor  circuit  should 
not  interfere  with  any  test  on  these  two  circuits,  which  are  open 
at  the  horn  button  and  starting  switch  respectively.  Now 
connect  the  terminal  of  the  battery,  which  normally  is  grounded 
to  the  frame  of  the  car  by  the  test  lamp  circuit.  If  the  wiring 
to  which  the  other  terminal  of  the  battery  is  connected  bap> 
pens  to  be  grounded,  the  lamp  will  light,  provided  the  resistance 
of  the  ground  connection  is  not  too  high.  The  difFerent  light  cir- 
cuits then  may  be  tested  by  disconnecting  them  in  turn- from  the 
battery  by  taking  out  the  fuses  or  loosening  the  wires  from  under 
the  screw  terminals  if  no  fuses  are  in  the  circuit. 
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Stock  Ford  Ignition  and  Lighting  System 

THE  ignition  and  lighting  system  used  on.  the  Ford  car  as 
standard  equipment  is  decidedly  different  from  any  other 
system  now  in  use  and  it  is  deserving  of  a  thorough  description 
on  account  of  the  many  systems  in  service. 

Electrical  energy  is  obtained  from  a  specially  constructed  mag- 
neto, which  consists  of  sixteen  coils  of  flat  copper  ribbon  wound 
around  sixteen  equally  spaced  iron  cores,  which  are  mounted  on 
a  special  structure  bolted  to  the  transmission  case  directly  in 
front  of  the  flywheel.  Sixteen  small  permanent  horseshoe  mag- 
nets are  mounted  on  the  front  face  of  the  flywheel,  and  just 
enough  clearance  is  allowed  between  the  pole-pieces  of  these  per- 
manent magnets  and  the  iron  cores  about  which  the  copper  coila 
are  wound  to  prevent  them  from  striking  when  the  flywheel  is 
caused  to  rotate.  The  coils  and  their  mounting  are  shown  in 
Pig.  4,  The  sixteen  magnets  and  the  method  of  mounting  them 
are  shown  in  Fig.  5.  The  magnets  are  so  placed  relative  to  each 
other  that  adjacent  ends  are  of  the  same  magnetic  polarity,  and 
these  two  ends  are  joined  magnetically,  so  as  to  form  a  single 
magnetic  pole,  by  a  clamp  of  magnetic  material.  There  are  then 
aixteen  magnetic  poles  around  the  outer  edge  of  the  flywheel,  and 
these  poles  are  alternately  of  north  and  south  magnetic  polarity. 

When  the  magneto  is  assembled  and  the  magnetic  poles  are 
directly  opposite  the  iron  core  of  the  coils,  there  will  be  mag- 
netic lines  of  force  across  the  gap  between  the  poles  and  the 
iron  cores,  and  the  direction  of  these  lines  of  magnetic  force 
will  be  from  the  north  magnetic  poles  across  the  gap,  through 
the  iron  core  under  the  north  poles,  through  the  structure  sup- 
porting the  iron  cores  to  the  cores  under  the  south  poles  of  the 
magnets,  up  through  these  cores  aeross  the  air  gap  to  the  south 
magnetic  poles,  thence  through  the  magnets  to  the  north  mag-  - 
netic  poles,  which  completes  the  magnetic  circuit  or  path  of  tl)e 
lines  of  magnetic  force.     With  the  magnetic  poles  directly  op- 
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posite  the  iron  cores  of  the  eoila,  there  Is  a  maximum  number 
of  liDSB  of  magnetic  force  through  the  coilf,  since  the  magnetic 
circuit  with  the  various  parts  in  this  relation  to  each  other  offer 
a  4ninimum  opposition  to  the  production  of  lines  of  force.  Tho 
direction  of  the  lines  of  force  through  eight  of  the  coils  iriU  be 
from  the  north  magnetic  poles  on  the  permanent  magnets  through 
the  coils  toward  the  support  for  the  iron  cores,  and  the  direction 
of  the  lines  of  magnetic  force  through  the  remaining  eight  coils 
will  be   from  the   support   for  the   iron   cores  toward  the   south 


FlgK.   i  and  5 — HlationaTy  mill   of  Fori  maoneto  mounted  on 

metal    colt    lupport,    Irft,    and    peman^nt    horaeahoc    moirnetc 

mounlcd   on  /ront   lace  of  flytcheet 

magnetic  poles  on  the  permanent  magnets.  Now,  if  the  magnetie 
poles  be  moved  so  that  they  are  midway  between  the  iron  cores, 
there  will  be  a  minimum  number  of  magnetic  lines  through  the 
coils  as  this  position  of  the  magnets  and  the  iron  cores  offers  a 
maximum  opposition  to  the  production  of  lines  of  force.  I( 
the  magnetic  poles  be  moved  farther  on  so  that  they  are  again 
opposite  the  iron  cores,  the  magnetic  lines  through  the  coils 
will  again  have  a  maximum  value.     The  direction  of  the  mag- 
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netic  lines  through  the  coUs  in  this  last  position  will  be  in  just 
the  reverae  direction  to  what  it  was  in  the  first  position,  siii<;e 
the  north  magnetic  poles  are  now  opposite  iron  cores,  ^hicl) 
originally  had  south  magnetic  poles  opposite  them,  an^  south 
magnetic  poles  are  now  opposite  iron  cores  which  originally  had 
north  magnetic  poles  opposite  them. 

If  the  magnetic  poles  be  advanced  another  sixteenth  of  a  rev- 
olution, the  polarity  of  the  magnetic  poles  and  iron  cores  will  be 
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the  same  as  at  the  beginning.  Heni!e,  the  magnetic  lines  through 
any  particular  coil  pass  from  a,  maximum  value  in  one  direction 
through  the  coil  to  zero  value,  build  up  to  an  equal  maximum 
value  in  the  opposite  direction  through  the  coil,  thou  to  zero  value 
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value 
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iriginally  had,  while  the  magnetie  poles  are  moving  from  a  posi- 
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tioD  directly  opposite  the  iron  cores  through  an  eighth  of  r  rev- 
olution. The  variation  in  the  value  of  the  number  of  magaetie 
lint's  throu);h  the  coils  for  different  positions  for  an  eighth  of  a 
revolution  is  shown  in  Fig.  6.  The  distance  of  the  heavy  curve 
marked  magnetic  lines  above  or  belovr  the  horizontal  line  00  ia 
a  representative  of  the  value  of  tho  number  of  magnetic  lines 
through  the  colla  for  the  ilifferent  positionB,  Thus  for  position 
marked  A  the  magnetic  poles  are  opposite  the  iron  cores  and  the 
value  of  the  magnetic  lines  is  a  masimum.  For  position  B  the 
magnetic  poles  are  midway  between  the  iron  cores,  and  the  value 
of  tho  magnetic  lines  through  the  coils  is  zero.  For  position  C 
the  magnetic  poles  are  again  opposite  the  iron  cores,  but  the 
polarity  of,  the  magnetic  poles  in  relation  to  the  iron  cores  is 
just  tho  reverse  of  what  it  was  for  position  H,  and,  hence,  the 
value  of  the  magnetic  lines  through  the  coils  will  have  a  m  Ui- 
mum  value  for  position  A.  The  magnetic  lines  through  the  cWls 
are  zero  in  value  for  position  D  and  again  reach  their  original 
maximum  value  for  position  E. 

As  a  result  of  the  magnetic  lines  of  force  through  the  cores 
changing  in  value  an  electrical  pressure  will  be  generated  in  the 
different  coils,  and  the  direction  of  the  generated  pressure  in 
adjacent  coils  will  be  in  the  opposite  direction  around  the  coils, 
since  the  magnetic  lines  pass  through  adjacent  coils  in  opposite 
directions.  The  coils,  however,  are  so  connected  that  the  electrical 
pressures  all  act  in  the  same  direction  and  the  total  electrical 
pressure  between  the  terminals  of  the  magnetos  at  any  instant  is 
equal  to  the  sum  of  tho  electrical  pressures  in  the  sixteen  coils. 
The  value  of  the  electrical  pressure  in  each  coil  at  any  instant 
will  depend  upon  the  number  of  turns  in  the  coil  and  the  rapid- 
ity with  which  the  magnetic  lines  through  the  coil  are  changing. 
An  inspection  of  the  curve  in  Fig.  6,  which  shows  the  varia- 
tion in  the  magnetic  lines  through  the  coils  for  different  positions, 
will  show  that  the  electrical  pressure  is  zero  when  tho  magnetic 
lines  are  a,  maximum  and  that  the  electrical  pressure  is  at  a 
maximum  when  the  magnetic  lines  through  the  coils  are  equal  to 
zero,  etc.  These  results  can  be  explained  as  follows:  Suppose 
we  take  a  small  part  of  a  revolution,  such  as  l/144th,  as  shown  at 
F  in  the  figure.  For  this  small  part  of  a  revolution,  the  magnetic 
lines  increase  in  value  from  zero  to  GH.  For  tho  next  l/144th, 
of  a  revolution  they  increase  in  value  from  QH  to  IJ,  or  the 
net  increase  Is  EJ.    It  ia  thus  seen  that  the  net  incteaaa  In  ma.g- 


18  AUTOMOBTLR  ELECTRICAL  SYSTEMS 

netic  lines  is  growing  leas  for  each  l/144th  of  a  revolntloo,  QntU 
tbe  magnetic  lines  through  the  coila  have  reached  theii  maximnm 
valne  when  the  net  increase  is  zero. 

As  the  magnetic  lines  through  the  coils  decrease  in  value,  the 
rapiditf  with  which  the;  are  changing  in  number  increases 
until  the  lines  through  the  coils  are  equal  to  zero,  whea  the 
rapiditj  of  their  change  in  number  reaches  its  niaiinium  value 
and  then  starts  to  decrease  and  again  becomes  zero  when  the 
lines  through  the  coils  have  reached  tbeir  maximum  value.  As 
a  result  of  this  varying  rapidity  with  which  the  lines  through 
the  coils  are  changing,  a  varying  electrical  pressure  will  be 
produced  in  the  coils.  The  induced  electrical  pressure  may  be 
represented  by  a  curve  having  the  form  of  the  dotted  curve,  in 
Fig.  6.  The  electrical  pressure  produced  in  the  coils  while  the 
magnetic  lines  are  decreasing  in  value  in  one  direction  through 
the  coils  will  be  in  the  same  direction  as  the  electrical  pressure 
produced  in  the  coOs  while  the  magnetic  lines  are  increasing  in 
value  through  the  coils  in  the  opposite  direction. 

Snch  a  pressure  as  the  one  shown  in  Fig.  6  is  called  an 
alternating  pressure,  because  it  is  first  in  one  direction  and  then 
in  the  other.  All  values  of  electrical  pressure,  represented 
above  the  horizontal  line  00,  are  considered  positive  and  all 
values  below  the  line  are  considered  negative,  A  complete  sys- 
tem of  positive  or  negative  values  is  called  an  alternation,  and 
the  complete  alternation  constitutes  what  is  called  a  cycle.  In 
the  Ford  magneto  there  are  sixteen  alternations  per  revolution 
and  eight  cycles  per  revolution.  If  this  alternating  pressure  is 
connected  in  a  closed  electrical  circuit,  it  will  produce  an  alter- 
nating current  in  the  circuit  and  the  current  will  complete  the 
same  number  of  cycles  in  a  given  time  as  the  electriat  pressure 
completes.  The  number  of  cycles  the  electrical  pressure  and 
current  complete  in  a  second  is  called  the  frequency  of  the  pres- 
sure and  current.  The  frequency  of  the  electrical  pressure  de- 
veloped by  the  Ford  magneto  will  be  equal  to  eight  times  the 
number  of  revolutions  of  the  flywheel  in  a  second. 

Magneto  Twiniiial  Connectioni 


One  terminal  of  the  circuit  formed  by  connecting  all  the  six- 
teen cfils  in  series  is  grounded  permanently  by  connecting  it  to 
the  metal  support  for  the  iron  oorea,  which  in  turn  is  Qolted  to 
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le  transmiBBioa  case.     The  Temsining  terminat  is  connected   to 
1  insulated  binding  post  mounted  on  top   of  the   transmission 


Fig.  8 — Fergpcc: 


case.    The  terminals  of  tbo  magneto,  then,  are  tbe  insulated  bind- 
ing p.oBt  and  the  ground  connection. 

IgnitiMi  System 

The  ignition  for  the  Ford  car  ia  taken  care  of  by  a  four-unit 
induction  coil  mounted  on  the  dash  and  so  arranged  that  energy 
niay   be   supplied   to   its   primary   winding   from   eitbei   of   two 
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PULL  BOD  sources,  depending  upon 

the  poiition  of  the  igni- 
tion switch.  The  only 
source  of  electrical 
energy  provided  by  the 
manufacturers  of  the  car 
is  the  magneto,  but  a  bat- 
tery connection  is  pro- 
vided In  the  coil  box  and 
may  be  used  merely  by 
grounding  one  terminal 
of  the  battery  and  con- 
necting the  other  term- 
Fig.  6— Interior  of  Ford  timer  iaal  to  the  binding  post 

ou  the  coil  bos. 
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Fig.    10 — Connections    of    ipeci 
mer  and  leada  to  upeclal  twitch  ( 
{no  post 


A  wiring  diagram 
the  lighting  and  ignition 
system  supplied  as  stand- 
ard equipment  on  the 
Ford  car  is  shown  in  Fig. 
7,  and  the  relative  loca- 
tion of  all  the  different 
parts,  together  with  their 

tions,  is  shown  in  Fig.  8. 
The  four  primary  igni- 
tion circuits  may  be 
traced  aa  follows;  Start- 
ing with  the  magneto 
contact,  along  the  in- 
the  coil  box,  then  to  the 
the  front  of  the  coil  box,  and 
the  magneto,  all  the  primary  windings 


sainted  wire  to  the  magneto  terminal  o 
magneto  contact  od 
when  this  switch  is  < 
are  connected  to  the  magneto  contact  but  the  circuits  through  these 
various  windings  are  closed  one  at  a  time  and  in  a  definite  order  by 
the  commutator,  or  timer,  which  grounds  the  different  wires  as  the 
roller  contact  in  the  timer  makes  contact  with  the  terminals  to 
which  the  different  wires  are  connected.  The  interior  coostrue- 
tion  of  the  timer  is  shown  in  Pig,  9.     When  a  battery  has  one 
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terminal 'grounded  and  tho  other  terminal  connected  to  the  bat- 
ery  terminal  on  the  coil  box  and  the  switch  on  the  front  of  the 
coil  is  thrown  in  the  position  mafked  battery,  the  battery  leplacee 
the  magneto  as  a  source  of  electrical  energy  and  all  the  other 
operations   remain    the   eaine- 

A  Tibrator  is  connected  in  series  with  each  of  the  primary 
windings,  and  when  any  one  of  the  primary  wirea  leading-  to  the 
timer  ia  grounded  the  vibrator  in  that  particular  primary  cir- 
cuit will  vibrate  as  long  as  the  circuit  is  closed,  which  will  cause 
a  high  voltage  to  be  Induced  in  the  secondary  windings  sur- 
rounding the  primary  winding  of  the  induction  coil.  One  ter- 
minal of  each  of  the  four  secondary  windings  is  grounded,  and 
the  remaining  four  terminals  are  connected  to  the  four  spark 
plugs  by  suitable  lengths  of  high-teuBioa  wire,  as  shown  in  Figs. 
7  and  8.  The  primary  wires  leading  from  the  indnction  coil 
to  the  timer  are  marked  with  colored  threads  as  shown  In  Figs. 
7  and  8. 

lighting  Circuit 

The  lighting  circuit  for  the  headlights  may  be  traced  as  fol- 
lows; From  the  magneto  contact  to  the  magneto  terminal  on 
the  coil  box,  then,  to  the  lamp  switch  on  the  dash,  through  the 
switch  when  it  is  closed,  then  to  the  right-hand  headlight  and 
through  the  bulb,  then  to  the  left-hand  headlight  and  through  the 
bulb,  then  to  ground  and  through  the  winding  of  the  magneto 
to  the  magneto  contact  which  completes  the  circuit.  The  two 
headlight  bulbs  are  in  series  and  if  they  are  alike,  approxi- 
mately half  of  the  electrical  pressure  generated  in  the  winding 
of  the  magneto  will  act  on  each  of  tho  lamps,  the  remainder 
being  used  in  overcoming  the  resistance  of  the  winding  of  the 
magneto,  the  resistance  of  the  connecting  wires,  ground  connec- 
tions, switch   contact   resistance,  etc. 

Horn  Circuit 

The  horn  circuit  may  bo  traced  from  the  magneto  contact  to 
the  magneto  terminal  on  the  coil  box,  then  to  the  horn,  through 
the  horn  to  the  horn  button  mounted  on  the  steering  post,  through 
the  horn  button  when  it  is  closed  to  ground,  through  the  winding 
of  the  maicneto  to  the  magneto  contact  which  completes  the 
«irenlt. 
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Combinatioii  Switch  and  Dimmers 

The  Ford  company  is  equipping  its  cars  now  with  a  combina 
tion  horn  anl  light  switch,  which  la  mounted  on  the  Btiecmg 
column  and  has  very  tnueb  the  same  general  appearance  aa  the 
horn  button  except  the  switch  is  longer  to  provide  the  necea 
aary  space  for  the  various  additional  contacts  and  terminals  In 
addition  to  the  combination  horn  and  light  awitch,  the  Ford 
company  is  providing  a  means  of  dimming  of"  the  headlighta 
The  dimmer  consists  of  a  eoil  of  wire  viound  about  a  laminated 
iron  core  and  so  arranged  that  it  may  be  connected  in  series 
with  the  headlights  by  a  special  switch  on  the  steenng  poat 

The  special  a^Mtch  is  so  constructed  that  a  small  pressure  on 
its  rounded  top  cloaca  the  horn  circuit  and  a  small  rotation  from 
its  normal  position  connects  the  lamps  to  the  magneto  with  the 
dimmer  coil  in  circuit  and  a  further  alight  rotation  conncLta  the 
lamps  directly  to  the  magneto  The  electrical  connections  of 
thia  special  awitch  are  shown  diagrammatic  ally  in  Fig  10 
Pressing  the  awitih  connects  wirea  A  and  B,  rotating  the  awituh 
to  the  aeconl  position  conneuta  wirea  A  and  I)  and  rotating  it  to 
the  third  po*"ition  Lonnects  wires  A  and  C  The  light  i.ircuit 
la  entirely  open  with  the  switih  m  the  first  position  When 
the  switch  IS  in  the  second  position  and  the  wires  A  and  I)  are 
connected,  the  win  ling  on  the  dimmer  is  connected  in  series 
with  the  lamps  The  action  of  this  coil  is  dependent  upon  a 
combination  of  the  reaiatance  of  the  eoil  and  a  property  of  the 
coil  called  its  inductance  The  effect  of  the  inductance  of  the 
coil  depends  upon  the  frequency  of  the  current  in  its  win  din  ga, 
and  this  effect  increa>ies  with  an  increase  in  frequency  and  de 
creases   with    the    decrease   in   frequency 

If  the  engine  apeela  up  there  is  an  increase  in  the  frequency  of 
the  generate!  electrical  pressure,  and  also  an  increase  m  tho 
value  of  the  elcLtrical  pressure,  but  the  increaife  in  electrical  pres 
sure  18  offset  to  a  certain  extent  by  the  increase  in  the  effect  of 
the  inductance  due  to  the  increase  in  frequency  and  the  current 
through  the  lamp  \mII  remain  nenrer  constant  in  value  than  it 
would  if  a  reaiatance  alone  were  usci 

Ignitimi  Trouble 

The  nneven  aputter  and  bang  of  the  exhaust  means  that  one 
or  more  cylinlers  are  enplodinft  irrcgularlj   or  not  nt  all  and  that 
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the  trouble  shoald  be  treated  promptly  and  overcome.  Uisfiring, 
if  allowed  to  continue,  will  in  time  injure  the  engine  and  the 
entire  mechanism.  If  you  would  bo  known  as  a  good  driver, 
you  will  be  satisfled  only  with  a  soft  steady  purr  from  the  ex- 
haust,- and  if  anything,  goes  wrong,  stop  and  fix  it  if  possible 
rather  than  wait  until  you  get  home. 

A  missing  cylinder  can  be  detected  by  manipulating  the  vibra- 
tor on  the  spark  coils.  Open  the  throttle  nntO  the  engine  is 
running  at  a  good  apeed  and  then  hold  down  the  two  outside 
vibrators,  Nos.  1  and  i,  with  the  fingers,  so  they  cannot  buzz. 
This  cuts  out  the  two  corresponding  cylinders.  No.  1  and  4,  leav- 
ing only  Nos.  2  and  3  running.  If  the  two  cylinders,  Nos.  2  and  3 
explode  regularly,  it  is  obvious  that  the  trouble  is  in  either  cylin- 
der No.  1  or  No,  4,  or  both.  Now  relieve  No.  4  vibrator  and  hold 
down  No,  2  vibrator  and  No,  3  vibrator  and  also  No,  1  vibrator. 
If  No.  4  cylinder  explodes  evenly,  it  is  evident  the  trouble  is 
in  some  other  cylinder.  In  this  manner  all  the  cylinders  in  turn 
may  be  tested  until  the  trouble  is  located.  Examine  the  spark 
plug  and  vibrator  of  the  cylinder  in  trouble. 

The  gap  in  the  spark  plug  should  be  approximately  ^  inch 
in  length  and  the  plug  should  be  free  from  an  undue  accumnla- 
tion  of  grease  and  carbon.  If  the  points  in  the  vibrator  are 
pitted,  they  should  be  filed  flat  with  a  fine  double-faced  file  and 
the  adjusting  thnmb  nut  turned  down  so  that  with  the  spring 
held  down,  the  gap  between  the  points  will  be  a  trifle  less  than 
A  inch.  Then  set  the  lock  nut  so  that  the  adjustment  cannot  be 
disturbed.  Do  not  bend  or  hammer  tho  vibrators,  as  this  would 
effect  the  operation  of  the  cushion  spring  on  the  vibrator  bridge 
and  reduce  the  efficiency  of  the  unit. 

If  with  the  vibrator  properly  adjusted  and  the  plug  cleaned 
and  adjusted  the  cylinder  still  falls  to  operate,  then  examine 
the  wiring  and  connections  carefully  for  loose  connections  and 
open  eireuitfl.  The  coll  itself  may  be  tested  by  changing  it  and 
some  other  coil  which  is  operating  correctly.  If  the  cylinder 
still  fails  to  operate  properly  after  making  the  above  tests,  . 
the  trouble  is  probably  due  to  an  improperly  seated  valve,  worn 
timer  or  short-circuit  in  the  timer  wiring.  The  valves  in  each 
cylinder  may  be  tested  by  lifting  the  starting  crank  slowly  the 
length  of  each  cylinder  in  turn,  a  strong  or  weak  compression 
in  ajiy  particular  cylinder  easily  being  detected.  It  sometimes 
happens   that   the   packing   between   the   cylinder   head   and  the 
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cylinder  becomea  leakj*,  thus  permitting  the  gas  nn^er  eompree- 
sion  to  escape,  a  condition  that  can  be  detected  by  running  a  lit- 
tle lubricating  oil  around  the  edge  of  the  packing  and  noticing 
whether  bubbles  appear  or  not. 

The  surface  of  the  circle  in  the  timer  around  which  the  roller 
travels  should  be  clean  and  smooth,  so  that  the  roller  makes  a 
perfect  contact  at  all  points.  Should  the  roller  fail  to  make  a 
good  contact  on  any  one  of  the  four  contact  points,  its  correc- 
pooding  cylinder  wilt  not  fire.  The  surfaces  should  be  cleaned 
with  gasoline.  In  case  the  fiber,  contact  points  and  roller  of  the 
timer  are  badly  worn  the  most  satisfactory  remedy  is  to  replace 
tlvm  with  new  parts.  The  spring  in  the  timer  should  be  strong 
enough  to  make  a  firm  contact  between  the  roller  and  the  four 
contact  points,  as  the  roUer  is  made  to  rotate  by  the  gearing  con- 
necting it  to  the  engine.  Carefully  inspect  the  four  wires  lead- 
ing from  tie  primary  terminals  of  the  coil  boi  to  the  four  bind- 
ing posts  on  the  timer  to  see  that  they  are  not  shorted  or  broken 
and  that  the  ends  at  the  timer  are  not  in  contact  with  the  case, 
thus  causing  a  more  or  leas  perfect  ground  connection. 

on  Trouble! 

In  very  cold  weather  the  very  best  grades  of  oil  are  likely  to 
conceal  to  some  extent,  and  if  this  happens  the  roller  may  be  pre- 
vented from  making  perfect  contact  with  the  contact  points  em- 
bedded in  the  fiber.  To  overcome  the  possibilities  of  an  occur- 
rence of  this  kind  and  also  to  prevent  the  contact  points  from 
rusting,  a  mixture  of  25  per  cent  kerosene  with  the  commutator 
lubricating  oil  is  recommended,  which  will  thin  it  sufficiently  to 
prevent  congealing  or  freezing,  as  it  is  commonly  called. 
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Special  Systems  for  Ford — 
Gray  &  Davis 

QUITE  a  few  of  the  leading  manufaeturers  of  starting  and 
lighting  equipment  for  the  larger  car  also  make  a  special 
line  of  equipment  uhicb  eaaiJy  may  be  installed  on  the  Ford  car 
Theae  various  special  systems  are  as  a  whole  simple  and  compact, 
and  e\  erything  necessary  to  install  them  properly  on  the  car  is 
irovided  bv  the  manufacturers  of  the  equipment  and  all  that  is 
necessary  is  a  very  limited  knowledge  of  the  ear  anl  the  few 
necessary  tools  supplied  as  a  part  of  the  car  equipment  The 
selection  of  an  electrical  system  especially  when  it  is  to  be  in 
stalled  bv  the  car  owaer  or  the  local  garage  man  whose  knowl 
edge  of  electrical  systems  is  as  a  rule  quite  limited  is  in  a  great 
measure  influence  i  bv  the  taso  with  whi  h  the  system  may  be  in 
stalled  In  pract  cally  every  ase  this  necessitates  the  removal 
of  the  radiator,  the  radiator  brace  rod  hose  connections  to  tho 
radiator  ventilating  fan  fan  belt  and  fan  pullers  cylinder  head 
and  in  some  cases  the  timing  gears  In  removing  th"  timing 
gears  it  is  of  course  neceasarj  to  rLmove  thi,  timer  but  before 
doing  any  dismantling  both  tlie  carbureter  and  timer  should  be 
adjusted  for  efiicient  running  and  should  tht.  engine  be  turned 
over  while  the  timing  gears  are  off  tho  timing  must  be  readjusted 
when  the  engine  is  being  assembled  The  removal  of  all  theae 
parts  and  the  adjustments  mtntioned  are  Jescribid  fully  m  the 
ford  manual  or  instruction  book  and  also  on  account  of  the 
garage  men  being  bo  familiar  with  tl  e  construction  of  the  Ford 
ear  it  is  not  deemed  necessary  to  repeat  these  in^trui-tions 

A  verv  important  precaution  which  should  he  observed  before 
starting  to  tear  down  the  car  is  to  tht  k  over  the  list  of  farts 
sent  'With  the  outfit  and  those  actually  receiv  ed  The  reason  for 
this  pre  autiun  is  obvious,  aa  ogtasionallj   quite  an  essential  part 
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may  have  been  omitted,  and  if  this  is  not  discovered  until  the 
process  of  installing  the  equipment  has  been  completed  partially 
the  work  must  be  done  all  over  again  or  the  car  allowed  to  stand 
until  the  missing  part  or  parts  are  obtained. 

Gray  &  Davis  for  Ford 

The  two  Gray  &  Davia  systems  for  the  Ford  car  are  of  the  two- 
unit,  6-volt  single-wire  types.  The  generator  of  one  system  has 
electromagnetic  regulation  and  the  generator  in  the  other  system 
has  third-brush  regulation. 

The  order  of  procedure  to  be  followed  in  tearing  down  and  pre- 
paring the  engine  is  shown  in  Figs.  11  and  12.     Brain  the  radi- 


Flg.  11 — Porta  of  Ford  car  to  lie  removed  fit 
'  ffiottRdng  Brau  £  Davis  atartttig  and  Hohting 

ator  by  opening  the  drain  coek  shown  at  I  in  Pig.  11.  Remove 
the  headlights  and  headlight  supports  shown  at  3  in  Fig.  11. 
Loosen  upper  hose  clamp  on  lower  water  connection,  shown  at  4 
in  Fig.  11.  Loosen  the  lower  hose  clatnp  on  top  the  water  con- 
nection, shown  at  5  in  Fig.  11,  Remove  the  two  radiator  retain- 
ing nuts  shown  at  3  in  Fig,  11.  Remove  the  radiator  dash  tie  rod 
shown  at  7  in  Fig.  11.  The  radiator  is  now  free  and  can  be 
removed.  Next  remove  fan  bracket  and  fan  as  shown  at  1  in  Fig, 
12.     Crank  the  engine  until  the  pin  in  fan  pulley  is  straight  up 
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and  down,  2  in  Fig.  12.  Drive  out  the  pin  in  the  jaw  cluteli, 
ehown  at  3  in  Fig.  12.  Bemove  the  starting  cranlt,  4,  and  fan 
belt  5.  Remove  the  cotter  pin  and  pin  from  fan  pulle;  and  then 
remove  the  pulley,  6,  in  Fig.  12.  Remove  the  eecond,  third, 
fourth  and  fifth  bolts  from  the  crankcase  flange,  shown  bj  7  in 
Fig.  12.  Remove  the  front  bolt  8  from  the  side  water  connec- 
tion. Bemove  the  left-hand  bolt  9  from  the  top  water  connection. 
Remove  the  second  cylinder  bead  bolt  lO. 

Place  the  silent  chain  at  the  rear  of  the  engine  support  and 
around  the  engine  crankshaft,  as  shown  at  1  in  Fig.  13.  Place 
the  Ford  starting  crank  jaw  clutch  inside  of  the  crankshaft  on 
the  crankshaft  as  shown  at  3  in  Fig.  13.  Slip  the  new  fan  belt 
in  place.     Fasten   the   sprocket   to   the  crankshaft  with   the   pin 


Fig.  12— Ford  engine  in  protest  Fig,  13 — tnaiailiag  crantmhaft 
of  preparation  Jor  mounting  Qrag  ejirocfeet,  silent  cJiofn  and  /an  \>elt 

d  Davie  lyatem  in  mounting  Orag  d  Dasii 

provided  for  that  pnrpose,  as  shown  at  5  in  Fig.  13.  Replace 
the  starting  crank  6  and  fasten  the  jaw  clutch  to  the  end  of  the 
starting  crank  with  the  pin  7,  as  shown  in  Fig.  13. 

The  generator  and  starting  motor  units  are  shown  attached 
to  their  mounting  bracket  in  Fig.  14  and  before  attempting  to 
install  the  combination  on  the  enj^ine  the  following  inspection 
should  be  made  carefully.  See  that  the  motor  terminal  marked 
1  is  free  from  contact  with  any  other  metal  and  that  the  gen- 
erator terminal  marked  2  is  not  damaged  and  is  insnlated  prop- 
erly. See  that  the  various  rotating  parts  marked  3  in  the  figure 
tarn  freely.     Carefully  clean  off  any  dirt  or  dust  from  around  the 
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oil  cups  marked  i  and  place  a  small  quantity  of  oil  in  each  of 
them.  Release  the  top  adjusting  screw,  marked  5,  a  small  amount- 
Loosen  the  two  lower  clamp  nuts  marked  6,  and  also  the  two 
upper  clamp  nuts  at  the  rear,  marked  7.  Slightlf  loosen  the  one 
middle  clamp  lock  nut,  marked  S. 

The  adjustment  in  the  chain  is  taken  care  of  b^  moving  the 
generator  and  starting  motor  up  and  down  on  their  mounting 
bracket  until  there  is  the  proper  tension  in  the  chain  and  then 
clamping  the  two  units  securely  in  place.  Inasmuch  as  the  chain 
vill  stretch  in  service  and  this  will  necessitate  the  generator  and 
motor  being  moved  up  on  the  bracket  to  take  up  the  slack,  it  is 
essential  that  they  be  placed  in  the  lowest  possible  position  on  the 
bracket  before  being  attached  to  the  car. 

Place  three  spacers  %  inch  long  over  the  first,  second  and  third 
holes  in  the  crankcase  flange,-as  shown  at  1  in  Fig.  15,  and  then 


Fig.  14 — Generator  and  ttart- 

fne    motor    attachtd    to     the 

mounting  bracket 

place  the  mounting  bracket  2  in  position.  Pass  the  %  by  2% 
inch  bolts  through  the  holes  in  the  lower  end  of  the  mounting 
bracket  but  do  not  put  on  the  nuts.  Tilt  the  mounting  bracket 
forward  and  slide  the  driving  chain  IS  into  position  on  sprockets. 
Attach  the  bracket  with  a  cylinder  head  bolt  as  shown  at  5  in  the 
figure  but  do  not  tighten  the  nut.  Place  the  ii  inch  spacer  be- 
tween the  mounting  bracket  and  top  water  connection  and  bolt 
loosely  in  place  with  a  A  by  2%  inch  bolt  as  shown  at  S.  Place 
S  a  inch  spacer  between  the  bracket  and  the  side  water  connection 
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and  bolt  it  loosely  in  place  with  a  ,'^  by  2-%-inoli  bolt,  as  shown 
at  7.  Place  !4-inch  spacer  under  the  bracket  bo  that  the  chain 
will  be  tight  when  the  units  are  in  tlieir  lowest  position  on  the 
mounting  bracket,  as  shown  nt  8.  Shim  up  the  space  between 
the  bracket  and  cylinder  head  with  washers  as  shown  at  9  in 
upper  right-hand  part  of  Fig.  15.  Fasten  the  three  lower  bracket 
bolts  with  lockwashers  and  nuta  and  finally  the  water  connection 
bolts  6  and  7  and  cylinder  head  bolt  5,  Fasten  the  bracket  stay- 
bolt  11,     Adjust  the  chain  i:i  to  a  moderate  tension  and  lock 


Ftg.  16 — tnaialUng  Qray  it  Davie  airing  and  Uuhling  sioilch 

the  units  in  place  by  tightening  all  bracket  clamp  nuta,  13.    Then 
crank  the  engine  and  sec  that  it  does  not  bind. 

Attach  the  split  pulley  to  the  fan  hub  and  fasten  it  in  place 
with  the  four  screws  as  shown  at  1  and  S  in  Fig.  16.  Slip  the 
belt  in  place  and  attach  the  fan,  as  shown  at  'i.  Replace  the 
radiators  4,  replace  the  radiator  tie  rod  5,  replace  the  hose  connec- 
tions 6  and  bolt  the  radiator  in  place  by  the  bolts  at  7.  Attach 
^^g  lighting  switch  8  to  the  cowl  board  with  some  A-in'^li  screws. 
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Cut  corner  off  of  the  toe  board  and  attaeh  the  green  lighting  cable 
clips  to  the  dash  with  ^-ineh  wood  screws,  ae  shown  at  9  in  Fig. 
16.  Fasten  the  three  wire  clips  to  the  left-hand  side  of  the 
frame  as  shown  at  10.  Fasten  the  green  wire  to  dfnamo  terminal 
as  at  11.  If  the  generator  has  electromagnetic  regulation  the 
green  wire  is  attached  to  the  terminal  on  the  regulator  mounted 
ou  top  of  the  motor.  Then  connect  the  short  black  and  red  wire 
to  the  iL-ft-hand  headlight,  as  shown  at  12,  Pass  the  long  black 
and  red  wire  through  the  radiator  tube  13  to  the  right-hand  head- 
light. Ground  the  short  wire  from  eaeji  headlight  to  the  car  frame 
83  shown  at  14.  Connect  the  starting  cable  15  to  the  terminal 
on  the  starting  motor.  This  cable  is  marked  hy  a  copper  terminal 
at  each  end.  Refill  the  radiator  and  watch  carefully  for  leaks  in 
the  circulation  system.     In  connecting  the   black  and  red  wires 


to  the  terminals  of  the  lamp  connection  you  should  follow  the  dia- 
gram given  in  the  upper  right-hand  corner  of  Fig.  16, 

The  location  of  the  starting  switch  and  the  method  of  installing 
it  are  shown  in  Fig.  17.  Take  the  plate  1  off  the  starting  switch 
and  use  it  to  mark  the  holes  in  the  heel  board,  2  inches  in  front  o£ 
the  rear  edge  of  the  heel  board  and  9  inches  from  the  sill,  as  shown 
in  the  illustration.    Drill  three  holes  for  the  starting  switch  in  th« 
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heel  board  and  attach  the  switch  with  one  bolt  at  the  aide  toward 
the  center  of  the  car  as  shown  at  3.  Then  attach  the  other  switch 
bolt,  with  the  cable  aupporting  clamp  holding  the  two  wires,  and 
secure  the  spring  and  knob  with  its  pin. 

At  a  point  on  the  dash  2  inches  to  the  right  of  the  coil  boK  and 
6  inches  aboTe  the  edge  oi  the  toe  board,  drill  a  ^-inch  hole,  as 
at  1  in  Fig.  18.  Pasa  the  npper  rod  through  thia  hole  and  con- 
nect the  lever  arm  2  vertically  to  the  forward  exhaust  manifold 
Htud.  Connect  the  lower  rod  3  to  the  priming  lever  on  the  car- 
bureter. Work  the  rode  back  and  forth  several  timea  to  make 
sure  they  return  to  normal  position  when  released. 

Iiutallation  of  Battery 

Place  the  battery  bos  on  the  right-hand  running  board  and 
mark  four  holes  with  a  center  punch  as  shown  at  1  in  Fig.  19. 
The  poaition  of  the  battery  box  should  be  such  as  to  permit  eaay 


Fisa.  18  and  19,  le]t  to  right-^Flg.  18,  Qray  d  Davis  priming 

rod  connections  on  Ford;  Fig.  19,  inatalling  battery  !or  Grau 

i  Covis  an  Ford 

opening  of  the  car  doora  and  ready  access  to  the  box  Itself.  Drill 
four  )J-inch  holes  through  the  running  board  2,  using  a  jack  at 
prop  to  support  the  running  board  while  drilling.  Replace  the 
battery  box  on  running  board  to  mark  the  holes  in  the  splaah 
plate  for  insulating  cable  bushings  3,  then  drill  two  holes  1% 
inch  in  diameter.  Insert  the  insulating  cable  bnahing  4  in  left- 
hand  hole  and  secure  it  in  place  with  wooden  nut;  do  the  same 
with  the  right-hand  bushing  5.    The  wooden  nuts  may  be  secured 
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in  position  by  twisting  a  piece  of  wire  aroiind  the  thread  as  ehoWn 

at  6.  A  coat  of  heavy  paint  also  will  serve  to  hold  the  nut  in 
place  and  at  the  same  time  preserve  the  insulator.  Place  the  two 
wooden  cleats  7  with  holes  in  each  end  between  the  battery  boi 
and  the  running  hoard.  Bolt  the  battery  boi  to  the  running 
board  with  %-iiich  by  I'^-inch  bolts  through  the  bottom  of  the 
battery  box,  deats  and  running  board,  and  secure  the  four  bolts 
with  nut  and  lack  washers.  Place  the  two  special  battery  cleats 
9  inside  the  battery  box,  one  at  each  end,  for  the  battery  to  rest 
upon  ao  that  the  holes  in  the  cleats  will  fit  over  the  bolt  heads  in 
the  bottom  of  the  box.  Slide  the  battery  in  place  with  the  nega- 
tive terminal  of  the  battery  toward  the  front  of  the  car  n|nd  put 
^-ineh  wooden  strips,  10,  at  each  aide  between  the  battery  and  the 
box.  Attach  the  two  holddown  springs  11  so  as  to  hold  the  battery 
securely  in  place.  Examine  the  battery  and  if  the  solution  does 
not  cover  the  plates  at  least  Vi  inch,  add  pure  water,  filling  the 
cells  to  %  inch  above  the  tops  of  the  plates. 

Connecting  the  Wiring 

The  entire  system  in  place  is  shown  in  Fig.  20  and  the  wiring 
in  plan  and  perspective  is  shown  in  plan  and  perspective  in  Figs. 
21  and  22,  respectively.  Attach  the  three  clips  holding  the 
tail-lamp  wire  aa  shown  at  1  in  Fig.  20.  Place  the  tail  lamp  in 
position  as  shown  at  2,  and  connect  the  taillight  wire  3  to  the 
tail  lamp.  Tail  lamps  usually  are  made  with  a  single-wire  con- 
nector, and  in  such  cases  the  metal  body  of  the  lamp  must  be 
connected  metallically  with  the  frame  of  the  car.  Be  sure  that 
the  connecting  surfaces  are  clean,  free  from  paint  and  securely 
fastened.  If  the  lamp  is  provided  with  a  two-wire  connector, 
another  wire  should  be  run  from  the  second  terminal  of  the  con- 
nector to  the  metal  framework  of  the  car.  Connect  the  short 
battery  cable  and  the  green  and  red  wire  to  the  starting  switch 
terminal  on  the  side  nearest  the  center  of  the  car,  as  shown  at  4. 
Then  pass  the  end  of  the  cable  through  the  forward  insulator  in 
the  splash  plate.  This  is  the  negative  cable.  Connect  the  long 
battery  cable  to  the  second  gearbox  bolt  and  secure  it  with  a 
plain  lock  waiher  as  shown  at  5  in  the  figure,  and  pass  the  end 
of  the  cable  through  the  rear  insulator  in  the  splash  plate.  Make 
as  good  an  electrical  connection  to  the  gearbox  as  possible.  This 
is  the  positive  cable.     Connect  the  starting  motor  cable  6  to  the 
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outside  terminal  of  the  atart- 
iog  Bwitch.  8npport  the  Btatt- 
iug  motor  cable  by  a  clip  7  to 
the  inside  curved  edge  of  the 
dash.  Pasa  the  negative  bat- 
tery cable  through  the  battery 
box  insulator  and  connect  it 
to   the   negative   battery   ter- 

luinal,  8.  ^ 

The    battery    terminals    nro  * 

made   of   lead   and   should   be  • 

handled  carefully.    In  connect-  _ 

ing  the  cables  to  the  battery  3 

terminals,  be  sure  that  the  ter-  5  - 

minals  are  cleaned  thoroughly  " 

and    fastened    securely,    as    a  S 

good     firm     contact    must     be  £ 

made  to  oSei  as  low  a  resist-  & 

anee  aa  possible.     The  positive  S 

battery  cable  terminal  is  a  lit-  § 

tie    larger   than    the    negative  g 

one,   and    they    correspond    in  g 

size  to  the  holes  in  the  lugs  .^ 

forming  the   terminals   of   the  S 

battery!     The  positive  battery  5 

cable  terminal  should  not  be  ^ 

connected  to  the  battery  or  the  g 

fuses  inserted  until  tests  show  § 

that  the  wires  are  not  in  eon-  | 

tact  with  the  frame  of  the  car  | 

or  in  contact  with  each  other,  | 

thus  causing  a  ground  or  short-  m 

circuit.       Turn     the     lighting  «> 

switch  off  and  touch  the  poai-  ^ 

tive  battery  cable  tcrminai  to 
the  positive  terminal  of  the 
battery.  If  there  is  a  spark, 
it  indicates  a  short-circuit  or  a 
ground.  This  trouble  always 
should     be     corrected     before 
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Fig.  22~-Winng  diagram  of  Gray  &  Davis  ataTting  and  lighting 
system  for  Ford  car,   third-britsh  regulation 
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making  the  final  connection  to  the  battery.  Of  eourBe,  if  there 
is  no  spark  when  tlie  test  is  made,  the  connections  to  the  bat- 
tery may  be  made  permanent.  After  connecting  the  battery  ter- 
miuala  secure  the  cover  10  on  the  battery  box,  and  place  fuae  11 
in  fuae  clips  of  lighting  switch. 

Operating  Instractioiv 

The  two  generator  bearings  and  the  two  motor  bearings  should 
bo  oiled  every  200  miles,  and  care  should  be  taken  to  keep  the 
oil-well  covers  closed. 

The  chain  should  not  be  allowed  to  run  slack.  When  the  system 
is  first  installed,  or  when  a  new  chain  hag  been  put  ou,  the  chain 
should  be  adjusted  occasionally  during  the  first  few  hundred 
miles  of  travel  until  all  stretch  has  been  taken  out  of  it.  The 
chain  stretch  will  be  quite  slight  after  being  run  perhaps  500 
miles.  After  long  service,  when  all  chain  adjustment  has  been 
taken  up,  the  chain  may  be  shortened  by  taking  out  a  pair  of 
links.  The  latest  type  of  chain  is  supplied  with  a  removable 
pair  of  links,  retained  in  position  by  two  removable  pins,  which 
are  identified  easily,  as  these  pins  are  a  trifle  longer  than  the 
regular  riveted  pins. 

The  wires  are  more  or  loss  subject  to  dislodgment  and  injury, 
and  they  should*  be  examined  occasionally  to  see  that  they  are 
not  resting  on  sharp  edges  of  metal  and  that  the  insulation  is  not 
worn  or  injured.  Examine  the  cables  leading  through  the  splash 
plate  and  battery  box;  the  bushings  must  be  intact  and  in  place 
to  protect  the  cable.  If  the  insulation  on  any  wire  or  cable  is 
found  to  be  injured,  wrap  the  spot  with  insulating  tape  and  make 
the  necessary  changes  in  the  positions  of  the  conductor  or  its 
aupporta  to  prevent  a  re-occurrence  of  the  damage. 

The  engine  never  should  be  run  with  the  battery  disconnected 
or  ofE  the  car  without  Srst  insulating  or  removing  two  of  the  gen- 
erator brushes  from  contact  with  the  commutator,  to  prevent  the 
generator  from  generating  any  electrical  pressure  in  its  armature. 
Examine  the  brushes  occasionally  to  determine  whether  they 
are  excessively  worn.  The  stop  on  the  brush  holder  limits  the 
downward  travel.  The  brushes  wear  for  a  long  time,  but  do  not 
allow  them  to  wear  until  they  reach  the  limit,  as  poor  brush 
contact  on  the  commutator  and  burning  of  the  commutator  re- 
mits.   It  is  important  when  renewing  brushes  that  each  brush  is 
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connected  firmlj  and  la  fitted  properly  to  the  shape  of  the  com- 
Diutator.  The  brushes  should  be  in.  'firm  contact  with  the  com- 
mutator and  when  raised  by  hand  should  return  to  their  proper 
position  freelj.  The  brush  tension,  or  pressure,  on  the  commu- 
tator should  be  only  moderate.  The  commutator,  If  coated  or 
dirty,  can  be  cleaned  by  holding  a  clean  cloth  slightly  moistened 
with  oil  against  the  commutator  while  it  is  rotating.  The  cooit 
mutator  should  be  smooth.  If  roughened,  it  probably  is  due  to 
burning  where  brushes  are  in  contact,  because  of  insufficient  eon- 
tact  or  pressure  at  the  end  of  brushes.  Examine  brush  tension, 
brush  contact  and  swinging  of  brush  holder.  The  commutator 
surface  may  be  smoothed  off  by  holding  a  very  fine  piece  of  sand- 
paper folded  flat  gainst  the  commutator  hy  &  square  ended  piece 
of  pine  wood.  Never  use  emery  cloth  or  emery  paper.  If  sand- 
paper is  held  by  hand  it  does  not  true  up  the  surface  of  the  com- 
mutator nearly  so  well  as  when  pressed  against  the  commutator 
by  the  piece  of  wood.  The  sandpaper  should  be  00  or  finer.  After 
using  the  sandpaper,  wipe  off  the  surface  thoroughly,  also  brushes 
and  brush  holders,  and  if  compressed  air  is  available  blow  out 
interior  of  machine  so  as  to  remove  any  loose  foreign  matter,  such 
a«  dust,  which  may  have  accumulated.  Wipe  oS  the  commutator 
with  a  cloth  which  has  a  little  clean  vaseline  on  it  before  closing 
up  the  machine.  • 

The  threaded  shaft  on  the  end  of  the  motor  which  carries  the 
small  driving  pinion  should  be  cleaned  occasionally  to  prevent 
its  sticking  to  the  shaft  on  account  of  the  oil  gumming.  The 
threaded  portion  should  be  cleaned  with  kerosene. 

The  following  lamps  are  recommended  by  Gray  &  Davis:  Head- 
lamps 6-8  volt  15-candlepower,  2  inches  round  with  helical  fila- 
ment and  bayonet  base,  sometimes  called  ediswan  base.  If  the 
base  has  a  center  contact,  specify  "single  contact"  but  if  it  has 
two  contacts  specify  "two  contact."  Side  lamps  6-8  volts,  4 
caudlepower,  bayonet  base.  Tail  lamp  6-8  volts,  2  candlepower, 
bayonet  base. 

Lamps  should  be  in  focus  for  best  results.  Move  bulbs  in  head; 
lights  forward  or  backward  by  turning  adjusting  screw  in  back  of 
lamp  housing  untU  the  most  intense  beam  of  light  is  obtained. 
Lamp  brackets  should  be  bent  to  direct  rays  downward  on  the 
road  for  best  road  illumination. 

The  ammeter,  if  it  is  to  be  installed  permanently,  may  be 
mounted  on  the  cowl  to  the  right  of  the  lighting  switch.    Be  very 
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careful  to  see  that  the  ammeter  terminals,  nuta  or  washers  do  not 
come  in  contact  with  any  other  metal.  Disconnect  groen  and 
red  wire  from  fuse  block,  and  securely  fasten  it  to  right-hand 
terminal  of  ammeter,  when  facing  toward  the  front  of  the  car. 
From  the  left-hand  terminal  of  the  ammeter  connect  a  short  piece 
of  wire  to  the  fnse  block  terminal  from  whicb  yon  removed  the 
green  and  red  wire.  Now  turn  headlights  on  with  engine  at  rest. 
Ammeter  should  indicate  discharge,  Should  it  indicate  charge 
instead  of  discharge,  the  ammeter  connections  should  be  reversed. 
The  connections  for  a  portable  ammeter  are  the  same  as  those 
fur  the  one  being  installed  permanently,  and  unless  it  is  of  the 
zero-center  type  the  connections  will  have  to  be  reversed  when 
changing  from  a  discharging  to  a  charging  condition  of  the  bat- 
tery o 


Fig.     23  —  Dtagram 

shoicinff    method    of 
connecttng    ammeter 


A  diagram  showing  the  method  of  making  the  above  connec- 
tions is  shown  in  Fig.  23. 

Two  Types  of  Generators 

Two  types  of  generators  are  supplied  by  Gray  &  Davis,  Their 
chief  difference  lies  in  the  method  of  regulating  the  output.  In 
one  type  the  regulation  is  by  the  third-bruah  method  and  in  the 
other  type  the  regulation  is  by  electromagnetic  means.  Both 
these  types  of  regulation  have  been  described  thoroughly  in 
previous  articles. 

The  operation  of  the  two  generators  may  be  described  briefly 
as  follows:  In  the  case  of  electromagnetic  regulation  there  is  an 
electromagnet  controlling  a  set  of  contacts  connected  across  the 
terminals  of  a  resistance  in  series  with  the  shunt-field  winding^ 
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of  the  generator,  and  this  resiBtaiice  is  aborted  or  not  shorted, 
depeoduig  upon  whether  the  contacts  are  closed  ot  open.  Tha 
winding  of  the  electromagnet  la  connected  acrosa  the  terminals 
of  the  generator  and  the  contacts  open  when  the  voltage  has 
increased  to  Buch  a  value  that  it  will  produce  a  current  in  the 
winding  of  aafflclent  magnitude  to  draw  up  the  armature  of  the 
electromagnet.  When  the  voltage  drops  below  a.  predetermined 
value,  depending  upon  the  adjustment  of  the  spring  controlling 
the  armature  of  the  electromagnet,  the  armature  will  be  drawn 
away  by  the  spring  as  it  overcomes  the  magnetic  pull,  and  the 
contacts  will  be  closed,  thus  causing  the  field  current  to  increase 
ill  value  and  hence  there  will  be  an  increase  in  voltage.    This 


Fig.  24 — Tko  typfi  of  Orap  d  Daoit  system  /or  Ford  car.     The 

generator  unit  thown  at  le/t  has  electromoirnetfc  regulation,  tohile 

that  at  Hght  has  third-brush  reautation 

operation  of  the  armature  of  the  electromagnet  takes  place  at  a 
■very  rapid  rate. 

In  the  third-brush  type  of  generator,  the  shunt-field  winding  Is 
connected  between  one  of  the  main  brushes  and  what  is  called  a 
third  brush.  This  third  brush  is  located  on  the  commutator  be- 
tween the  positions  for  two  of  the  main  brushes,  and  the  voltage 
between  it  and  the  main  brush,  to  which  the  field  winding  ia  con- 
nected, is  aome  fractional  part  of  the  total  voltage  between  the 
,.  terminals,  and  the  value  of  this  voltage,  which  is  acting  on  tba 
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slinnt-field  winding,  cliangea  nlen  the  armature  is  earrying  &  ftUf' 
rent  due  to  the  twiating  of  the  magnetic  field  of  the  geneiator  in 
the  direction  of  rotation  of  the  armature. 

The  two  types  of  generator  differ  somewhat  in  outward  appear- 
ance, and  the  inexperienced  person  may  determine  the  type  he 
has  by  the  two  external  views  shown  in  Fig.  24.  The  machine 
shown  at  the  left  has  electromagnetic  regulation  and  the  one  to 
the  right  has  third-brush  regulation.  The  wiring  diagram  shown 
in  Pig.  22  is  for  the  generator  having  third-brush  regulation,  and 
the  wiring  diagram  shown  in  Fig.  25  is  for  the  generator  having 
electromagnetic  regulation. 

Generator  with  Electromagnetic  Regolattoa 

The  generator,  regulator  and  cnt-ont  all  may  be  tested  by 
observing  carefully  the  indications  of  the  ammeter  for  all  condi- 
tions of  operation.  Tarn  the  lights  all  off  aad  ran  the  engine, 
increasing  the  speed  very  gradually. 

If  the  ammeter  remains  at  zero  until  the  engine  speed  has  in- 
creased to  an  equivalent  of  approximately  7  to  8  miles  per  hour 
and  then  indicates  a  charging  current,  it  is  proof  that  the  cut-out 
is  closing  at  the  proper  time.  Continue  to  increase  the  speed  of 
the  engine,  and  the  current  should  increase  until  reaching  8  to 
12  amperes  at  an  engine  speed  of  approximately  12  to  13  miles 
per  hour.  The  current  should  remain  practically  constant  for  all 
higher  speeds  of  the  engine,  which  indicates  that  the  electro- 
magnetic regulator  is  Dpe rating  properly.  Should  the  current 
continue  to  increase  to  any  great  extent  after  the  engine  has  at- 
tained a  speed  corresponding  to  14  to  15  miles  per  hour,  or  if  the 
current  is  abnorm&lly  low  when  the  speed  is  increased,  it  indi- 
CHtes  that  the  electromagnetic  regulator  is  not  operating  properly 
and  shonld  be  adjusted,  which  will  be  described  later. 

Decrease  the  engine  speed  gradually  and  if  the  current  de- 
creases in  value  and  when  reading  0  to  2  amperes  discharge  re- 
turns to  zero  while  the  engine  is  slowed  down  still  further  and 
brought  to  rest,  it  indicates  that  the  cut-out  properly  is  discon- 
necting the  battery  from  the  generator  before  the  generator  stops. 

If  the  ammeter  indicates  several  amperes'  discharge  before  re- 
turning to  zero  or  should  continue  to  show  discharge  and  not  re- 
turn to  zero  as  the  engine  is  brought  to  rest,  it  indicates  that  the 
cut'Ont  is  sluggish  or  that  the  cut-out  points  are  stuck  together. 
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The  proper  adjustment  of  the  cut-out  ie  given  in  one  of  tbe  fol' 
lowing  sections  • 

If  the  ammeter  docs  not  indicate  any  charging  current  at  all 
when  the  engine  is  speeded  up,  determine  whether  the  generator 
or  the  ent-out  is  at  fault.  Examine  wires  between  generator  and 
regulator  and  cut-out,  also  between  generator  and  battery.  Ex- 
amine brushes  and  cam  insulator.  Eun  engine  at  speed  of  ap- 
proximately 12  miles  per  hour,  lights  turned  oS,  and  while  engine 
is  running  connect  a  wire  from  generator  terminal  A  ill  Fig. 
25,  which  is  the  lower  terminal  on  the  side  of  the  machine,  to 
the  terminal  B  on  the  cut-out  which  is  the  terminal  to  which 
the  green  wire  ia  connected.  If  the  ammeter  then  indicates  charge 
and  does  not  indicate  charge  when  points  A  and  B  are  not 
connected  together,  the  cut-out  is  at  fault.  If  the  ammeter 
ehows  neither  charge  nor  discharge  when  the  points  A  and  B 
are  connected  together,  the  generator  is  at  fault.  Carefully  in- 
spect the  machine  to  see  that  the  field  wires  are  not  injured,  that 
all  wires  are  installed'  properly  and  firmly  connected  to  their 
proper  terminals  and  that  the  bearings  and  brushes  are  not  exces- 
sively worn. 

Generator  with  Third-Brnah  RegoIatiMi 

Turn  the  lights  oS  and  rnn  the  engine,  increasing  the  speed 
,  very  gradually.  If  the  ammeter  shows  no  indication  of  current 
until  the  engine  has  reached  a  speed  equivalent  to  approximately  ' 
7  to  9  miles  per  hour  and  then  indicates  a  charging  current,  it 
shows  that  the  cut-out  is  closing  the  circuit  properly.  Continue 
to  increase  the  engine  speed,  and  the  current  should  increase 
in  value  to  12  to  15  amperes  at  an  engine  speed  equivalent  to 
approximately  13  to  IS  miles  per  hour.  Now  as  the  speed  of 
the  engine  further  is  increased,  above  perhaps  18  miles  per 
hour,  the  charging  current  should  decrease  in  value  to  approxi- 
mately 10  amperes  for  the  high  speeds. 

Decrease  the  engine  specJ  gradually  and  if  the  current  de- 
creases in  value  and  when  reaching  a  value  of  0  to  2  amperes 
discharge  the  pointer  returns  to  zero  while  the  engine  is  slowed 
down  still  further  and  is  brought  to  rest,  it  indicates  that  the 
cut-out  is  opening  the  circuit  at  the  proper  time.  If  the  ammeter 
should  indicate  several  amperes  discharge  before  returning  to 
fwo   or   should  continue   to   show   discharge    and   not    return  p) 


44  AUTOMOBILE  ELECTRICAL  SYSTEMS 

eero   when   engine   is   stopped,   it   indicates   that   the   eat-oat  is 
sluggish  or  that  the  cut-out  points  are  stuck  together. 

If  the  ammeter  does  not  indicate 'charge  at  all  when  the  engine 
Ib  speeded  up,  determine  whether  the  generator  or  cut-out  is  at 
fault  as  explained  in  the -latter  part  of  the  previous  section. 

Combined  Regidator  and  Cot-oat 

The  interior  of  the  combined  electromagnetic  regulator  and 
cut-out  is  shown  in  Fig.  36.  The  principle  of  this  device  is 
quite  simple  and  its  operation  may  be  explained  as  follows: 
Coil  3  ia  a  fine  wire  or  shunt  winding.  The  circuit  of  this  wind- 
ing may  be  traced  in  Fig.  25,  starting  with  terminal  A,  to  the 
terminal  of  the  fuse  marked  A,  through  the  fuse  and  small-wire 


winditig  just  to  tie  right  of  the  fuse,  thence  to  the  ground  con- 
nection marked  +  and  through  the  generator  armature  to  the 
point  A  from  which  you  started.  The  current  in  the  winding 
will  vary  in  value  as  the  electrical  pressure  generated  io  the 
armature  of  the  machine  varies  in  value,  and  the  magnetic 
effect  of  this  current  when  it  has  reached  a  BUfficient  value  will 
attract  the  iron  armature  7,  Fig.  26,  which  operates  regulator 
points  5.  These  regulator  points  are  shown  just  to  the  right 
of  the  terminal  F,  on  the  regulator  cut-oiit  in  Fig.  25,  and  when 
they  are  closed,  the  resistance  between  the  points  P  and  A  on 
the  generator  is  shunted  through  the  following  circuit.    From  A 
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on  the  generator  to  A  on  the  regolator  cut-out  through  the  fuse, 
through  the  heavy  winding  shown  on  the  upper  right-hand  cor- 
ner of  the  regttlator-eot-ont,  thence  to  the  regulator  points,  to 
the  terminal  F  on  the  regulator-cut-out  and  then  to  the  terminal 
F  on  the  generator.  The  regulator  jointa  are  adjusted  by  turn- 
ing knurled  screw  9,  Fig.  26,  which  regulates  the  gap  between 
parts  7  and  9.  Decreasing  the  gap  decreases  the  output  and 
increasing  the  gap  increases  the  output.  The  larger  the  gap, 
the  smaller  the  fractional  part  of  the  total  time  that  the  regula- 
tor points  short-circuit  the  re^stance  connected  between  the 
points  A  and  F  on  the  generator,  as  shown  in  Fig.  32.  This 
resistance  is  in  series  with  the  field  winding  of  the  generator  and 
as  the  length  of  time  it  is  in  circuit  is  increased,  the  value  of 
the  average  field  current  wiU  be  decreased  and  hence  the  field 
strength  will  be  lowered,  which  will  cause  a  decrease  in  the  elec- 
trical pressure  generated  in  the  armature  winding,  and  hence  a 
decrease  in  the  current  delivered  hy  the  machine.  Increasing 
the  fractional  part  of  the  total  time  that  the  resistance  is  short- 
eircuited  will  increase  the  value  of  the  average  field  current,  and, 
as  a  result,  the  output  will  be  increased.. 

Electromagnet  4  in  Fig.  26  has  two  windings,  a  coarse  wind- 
ing and  a  fine  winding.  The  fine  winding  is  connected  In  parallel 
with  the  winding  on  the  regulator  coU  as  shown  in  Fig.  25,  and 
the  coarse  winding  is  connected  in  series  with  the  generator  and 
batterjr  when  the  cut-out  contacts  are  closed.  The  msfnetic 
pnll  on  the  armature  8,  Fig.  26,  when  of  sufficient  value,  draws 
up  the  armature  and  closes  the  cut-out  points  6.  The  cut-out 
points  are  adjusted  by  turning  knurled  screws  10.  Turning  this 
screw  to  increase  the  gap  causes  the  cut-out  points  to  close  earlier 
and  stay  in  longer.  Increasing  the  gap  causes  the  cut-out  points 
to  close  later  and  open  earlier. 

Adjusting  Cut-out  and  Regulator 

Before  attempting  to  adjust  either  the  cut-out  or  the  regulator, 
make  sure  that  the  remainder  of  the  electrical  system  is  in  proper 
operating  condition,  all  connections  are  tight,  brushes  adjusted 
properly,  commutator  clean,  etc.  A  reliable  ammeter  always 
should  be  connected  in  series  with  the  red  and  green  wire  lead- 
ing from  the  fuse  on  the  cowl  to  the  starting  switch.  It  is  not 
advisable  to  rely  upon  the  readings  of  the  ammeter  on  the  dash 
if  an  ammeter  has  been  installed.  .  I       - 


46  AtTTOMOnil.E  Et.ECTRTCAL  SYSTEMS 

To  adjust  cut-out,  gradually  speed  up  tho  engine  and  watch 
the  smmetcT  to  ilctermiuc  the  value  of  the  cloaing  current.  The 
cloBing  current  is  the  rending  on  the  ammeter  at  the  instant 
the  cut-out  points  close.  If  the  ammeter  does  not  indicate  be- 
tween 1  and  3  amperes  when  the  cut-out  points  first  close,  turn 
adjusting  nut  10,  Fig.  26,  to  bring  the  reading  between  1  and 
3  anipcrea  with  the  lamps  turned  off.  Qradually  slow  down  the 
engine  and  observe  the  reading  of  the  ammeter  when  the  cut-out 
points  open.  The  ammeter  should  indicate  between  Mi  and  2 
amperes  discharge  when  the  points  open.  By  repeating  this 
operation  a  few  times,  an  adjustment  can  be  found  which  will 
give  satisfactory  results.  If  the  cut-out  points  are  not  cleao, 
a  piece  of  paper  should  be  drawn  between  them,  at  the  same 
time   pressing   them    together   with   a   slight   pressure.      If   they 


.J 


are  roughened,  a  piece  of  very  fine  sandpaper  may  be  used  in 
smoothing  them  ofF.  Be  sure  to  clean  thoroughly  the  points  after 
losing  the  sandpaper  and  be  extremely  careful  not  to  bend  the 
springs  supporting  them  as  this  will  cause  serious  trouble,  as 
you  will  then  be  unable  to  make  a  satisfactory  adjustment. 

The  operation  of  the  regulator  should  be  such  that  the  ammeter 
will  indicate  approximately  9  to  10  amperes  at  all  speeds  higher 
than  the  speed  corresponding  to  12  to  13  miles  per  hour.  If  the 
ammeter  indicates  a  current  very  much  less  than  this  amount, 
adjustment  of  the  regulator  may  be  necessary,  especially  if  the 
battery  has  a  tendency  to  run  down  gradually.    If  the  ammeter 
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shows  more  than  14  to  15  amperes  when  the  engine  is  speeded 

up,  thB  regulator  points  should  be  adjusted. 

The  regulator  points  should  be  cleaned  thoroughly  as'  in  the 
case  of  the  cut-out  points.  The  engine  should  be  operated  at  a 
speed  equivalent  to  approximately  IS  to  20  miles  per  hour,  and 
the  knurled  screw  9  in  Pig.  26  turned  so  that  the  current  ia 
about  9  amperes.  The  adjustment  maj  have  to  be  repeated  bot- 
cral  times  before  altogether  Bstiafactorj  results  are  obtained. 
It  is  always  beat  to  have  the  battery  fully  charged,  if  possible, 
vi'hcn  making  the  above  adjustments  of  the  cut-out  and  regulator. 


After  both  the  cut-out  and  regulator  have  been  adjusted,  each 
should  be  given  a  final  test  to  make  sure  that  the  adjustment 
of  the  last  one  has  not  interfered  with  the  adjustment  made  in 
the  first  one.  If  any  change  in  adjustment  is  found  to  have 
taken  place,  the  necessary  changes  should,  of  course,  be  made. 

Cot-Ont  On  Tbird-Bnuh  Type  trf  GeneratcNr 

The    cut- out    used    with    the    third- brush    type    of    generator    la 
shown    in    Fig.    27,    and     the    complete    cut-out    located    in    tho 
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housing  of  the  generator  is  shown  in  Fig.  28.  There  are  tno 
winding  on  the  iron  core  of  the  cut-out  as  shown  at  2  aDd  3 
in  Fig.  27.  The  electrical  connections  of  these  two  windings 
are  shown  diagrammatic  ally  in  Fig.  22.  The  heavy  winding  2 
is  connected  in  series  with  the  generator  and  battery,  while 
the  fine-'wire  winding  is  connected  across  the  termioals  of  the 
generator  in  such  a  manner  that  the  current  taken  by  the  fine- 
wire  winding  paasee  through  the  coarse-wire  winding.  As  the 
speed  of  the  generator  increases,  there  is  an  increase  in  the  value 
of  the  generated  electrical  pressure  in  its  armature  winding, 
and,  hence,  there  is  an  increase  in  the  value  of  the  current  in  the 
fine-wire   winding,   since   the  winding  Js  connected  permanently 
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ui  circuit  When  the  magnetic  pull  eierted  by  the  current  m 
the  fine  wire  winding  has  reached  su<h  a  ■value  that  it  will  pull 
over  the  armature  1,  Fig  27,  the  cut  out  contacts  8  will  be 
closed  and  the  tircuit  between  the  generator  and  battery  will  be 
complete!  If  the  electrical  pressure  of  the  generator  is  greater 
than  the  electrital  pressure  of  the  battery,  the  battery  will  start 
to  charge  and  the  current  will  pass  through  the  ctarse  wire  wind 
iLg  2  in  such  a  direction  that  the  magnetic  attion  of  this  cur 
rent  assists  the  magnetic  action  of  the  current  in  the  fine  wire 
winding  and  the  armature  1  »a  hell  firmly  in  position  and  the 
contact  points  are  closed  As  soon  as  the  electrical  pressure  of 
the  generator  drops  below  the  pressure  of  the  battery,  due  to  a 
decrease  m  the  speed  of  the  engine  the  battery  starts  to  dis 
charge  and  the  current  from  the  battery  flows  through  coil  2  m 
the   opposite   direction    to   what    it    did    when   the   battery   was 
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charging  and  hence  its  magnetic  action   oppoaea  the  magnetic 
action  of  the  current  in  coil  3.     This  relation  of  the  two  currents  , 
reduces   the   magnetic  pull  on   the   armature   1   and  permits   the 
epring  i  to  open  the  cut-out  contacts  8  and  thus  prevent  a  fur- 
tlier  discharge  of  the  battery  through  the  generator. 

The  cut-out  points  should  close  when  the  engine  is  operating 
at  a  speed  equivalent  to  approiiraately  7  to  10  miles  per  hour, 
and  the  ammetor  should  indicate  from  0  to  3  amperes  charging 
current  when  thb  points  first  close.  When  the  engine  slows 
down,  the  cut-out  points  should  open  when  the  discharge  cur- 
rent is  from  0  to  3  amperes.     When  adjustment  of  cut-out  points 
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is  necessary,  the  pressure  of  spring  4  should  be  changed  until 
the  values  of  the  currents  correspond  to  those  given  above. 
Borne  skill  will  be  required  in  making  this  adjustment.  Clean  cut- 
out points  as  described  in  previous  section. 

Adjuttlng  Ontpot  dF  Generator 

In  the  third-brush  generator  the  output  is  regulated  by  a 
regulating  brush  called  the  third  brush.  This  typo  of  regulator 
waa  described  in  detail  in  one  of  the  earlier  chapters,  when  the 
different  tyi^es  of  regulation  were  treated.  The  Pig.  29  shows 
the  brush -supporting  yoke  with  the  two  main  brushes  13  and 
14  and  the  third  brush  12.  It  is  very  seldom,  if  ever,  neces- 
sary to  make  an  adjustment  of  the  third-brush  generator,  but  when 
adjustment  is  necessary  it  should  not  be  undertaken  without  the 
liae  of  a  reliable  ammeter.     The  adjustment  is  accomplished  by 
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tarning  the  pinion  11,  which  ia  provided  with  a  slot  for  a  screw- 
driver. A  very  slight  turn  will  affect  the  chargiug  rate  mate- 
rially. Turning  the  pinion  to  the  left  incrcaaea  the  outpnt; 
turning  to  tho  right  decrcasea  the  output.  When  the  generator 
first  is  tested,  it  is  run  at  various  speeds  from  500  to  3000  r.p.m., 
and  the  third  brush  ia  so  adjusted  that  the  charging  rate  at 
any  speed  will  not  exceed  a  definite  amount,  usually  12  to 
15  amperes.  The  operation  of  the  third-brush  type  of  regulator 
is  such  that  the  ontput  reaches  a  maximum  value  and  then  tapers 
off  for  higher  speeds.  The  maximum  charging  rate  should  be 
reached  when  tho  engine  is  running  at  a  speed  equivalent  to 
15  or  IS  miles  per  hour  and  then  decrease  to  about  10  amperes 
for  very  high  speeds. 

The  internal  wiring  of  the  third-bruah  generator  is  shown  in 
Fig.  30.  The  field  wiring  is  connected  between  the  positive 
main  brush  marked  14  and  the  third  brush'  marked  12.  The 
two  terminals  marked  +  and  —  respectively  correspond  to  the 
terminals  of  the  generator  as  tbe  cut-out  is  mounted  inside  the 
generator  housing. 

Starting  Difficulties 

If  the  starting  motor  cranks  the  engine  when  the  starting  pedal 
ia  pressed  to  the  full  limit  of  its  travel  and  the  engine  fails  to 
start  to  run '  under  its  own  power  after,  at  most,  10  seconds, 
release  tbe  starting  pedal  and  determine  the  reason  for  tho 
failure.  Any  ono  or  a  combination  of  the  following  troubles  may 
be  the  cause: 

Ignition  switch  not  turned  on. 

No  gasoline  in  the  tanks. 

Spark  pings  dirty  or  defective. 

Ignition  wires  not  firmly  connected. 

Cylinders  need  priming. 

Cylinders  flooded  from  too  much  priming. 

Carbureter  not  properly  adjusted. 

Dust  in  carbureter  or  gasoline  pipes. 

Poor  grade  gasoline  or  water  in  gasoline. 

If  the  starting  motor  fails  to  crank  the  engine  when  tho  start- 
ing switch  is  operated,  it  may  be  due  to  a  weak  or  discharged 
battery.     If  the  lamps  dim  excessively  when  starting  switch  is   * 
operated,   it   shows   that   tho   battery   practically   is   discharged, 
^r  perhaps  tbe  battery  cables  are   not  connected   firmly   to  tbq 
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batteiir  terminals  and  transmisaion  case,  or  there  is  a  poor  con- 
tact in  the  starting  switch,  or  the  engine  may  be  very  stiff. 
If  the  lamps  remain  bright,  that  is,  do  not  dim  at  all  when  the 
starting  switch  is  operated,  it  shows  that  the  starting  circuit 
is  open.  Examine  all  parts  of  the  circuit  for  an  open  circuit  or 
poor  contact.  It  may  be  necessary  slightly  to  bend  the  blades 
in  the  starting  switch  in  order  that  a  good  connection  may  be 
made.  Examine  the  starting  motor  brushes.  If  excessively  worn, 
they  will  not  make  firm  contact  with  the  commutator.  ,  If  the 
commutator  is  dirty  or  rough  it  should  be  cleaned  thoroughly 
and  wiped  with  a  rag  on  which  there  is  a  little  vaseline. 

If  pressing  the  starting  pclal  to  its  full  limit  fails  to  rotate 
starting  motor,  release  the  starting  pedal  and  determine  the  cause 
which  may  be  due  to  any  one  or  a  combination  of  the  following: 

Battery  very  weak  or  completely  discharged. 

High  resistance  in  motor  circuit  due  to  loose  connection  or  poor 
contact  in  switch  or  at  brushes. 

Motor  may  be  short  circuited  by  cable  being  in  contact  with 
some  metal  part  of  the  car. 

The  starting  pinion  may  be  wedged  so  that  motor  armature  is 
not  free  to  operate. 
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CHAPTER  IV 

Westinghouse  System  for  Fords 

THE  Weatinghouse  starting  and  lighting  equipment  toi  the 
Ford  car  is  a  single-unit,  12-volt,  Biugle-wire  system.      Tbe 
regulation  of  the  generator  is  b;  the  third-brush  method. 

Preparing  Engine  (or  Mounting 

Check  all  the  material  to  see  that  there  are  no  parta  misaing. 
Adjuat  the  ignition  and  carbureter  so  that  the  engine  is  running 
smoothly  before  diamantling  any  part  of  the  engine.  Bemove 
the  radiator  and  both  water  connections,  the  three  forward  left- 
hand  cylinder  bolts,  as  shown  in  Fig.  31,  the  fan  and  its  bracket 
complete,  and  the  Ford  timer.  Turn  the  engine  crankshaft  so 
that  the  pin  in  the  fan  pulley  is  in  a  vertical  position.  Fig.  31, 
and  drive  the  pin  out  and  remove  the  starting  crank  and  fan 
pulley. 

Use  a  bulldozing  tool  to  expand  the  front  end  of  the  engine 
oil  pan.  Pig.  32,  This  tool  may  be  purchased  from  the  Westing- 
house  company.  It  is  extremely  important  that  at  least  %-inch 
clearance  beyond  the  driving  sprocket,  which  is  to  be  mounted 
on  the  engine  crankshaft,  be  obtained  as  shown  in  Fig,  33,  The 
bulldozing  tool  should  bo  used  with  the  spacing  hub,  always  next 
to  the  engine.  The  tool  is  made  so  that  it  may  be  nsed  for  right- 
hand  and  left-hand  operations  equally  well. 

Mounting  Crankshaft  Sprocket 

The  crankshaft  sprocket  is  assembled  at  the  factory  and  ad- 
justed to  the  proper  tension.  Dismantle  the  sprocket.  See  that 
the  hole  in  the  end  of  the  crankshaft  is  in  a  vertical  position, 
and  then  drive  the  Westinghouse  sprocket  hub.  Fig.  33,  so  that 
the  hole  in  the  sprocket  hub  is  in  line  with  the  hole  in  the  crank- 
shaft. The  sprocket  hub  must  be  a  tight  fit  on  the  crankshaft  and 
should  be  driven  Into  place  by  a  copper  or  brass  bar  as  shown 
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Fig.  31 — Ford  engine  prepared        Fig.  32 — Melliod  of  using  tpeninl 
for    Installation    of    Westing-       bulldozinp  tool  to  expand  front 
lioiise  ttartlnp  and  lighting  end  of  cntitne  oil  pan 
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in  Fig.  33.  Drive  the  hub  pin.  Pig.  3.1,  through  the  sprocket 
hub  and  abaft,  and  lie  aurc  that  tlie  headed  end  is  flush  with 
the  surface  of  the  hub.  If  the  pin  is  not  a  tight  fit  in  the  shaft, 
it  should  be  best  a  slight  amount  at  the  center  ho  as  to  make  it 
tight.  Use  a  drift,  Fig.  34,  for  driving  the  pin  into  place  so  aa 
not  to  injure  the  pin  or  hub.  To  be  sure  that  the  pin  is  not  pro- 
jecting too  far  at  the  extended  cud,  place  the  sprocket  on  the 


hub  and  torn  it  several  revolutions.  If  the  sprocket  does  not  turn 
freely,  the  pin  probably  strikes  inside  and  should  be  trimmed 
down  until  it  ju.st  clears. 

Remove  the  sprocket  and  place  one  of  the  friction  washers, 
Fig.  35,  on  the  hub.  Now  spring  the  spring  ring  into  place  on 
the  hub  so  that  the  small  hole  in  the  ring  engages  with  the  pro- 
jecting end  of  the  small  pin.  It  will  not  go  into  place  any  other  ■ 
way.  Be  sure  that  tlie  free  end  of  the  spring  ring  projects  at 
least  I'li  inch  out  from  the  surface  of  the  sprocket  hub,  Pig.  35. 

Place  the  chain  under  the  sprocket  hub.  Slide  the  sprocket 
over  the  spring.  Pack  the  sprocket  with  cup  grease  and  place  the 
other  friction  washer  on  the  forward  aide  of  the  sprocket.  Now 
place  the  stationary  washer  over  the  keyway  in  the  sprocket 
hub,  and  put  the  ajiring  washer  on  the  outside  of  this  anil  fasten 
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it  in  place  with  tie   Qut,   as  Bhown  in   Fig.   35.      The  nut   should    ' 
be   tightened   until   the   mark   "O"    on   the   nut   corresponds   with 
the    mark    in    the    kejway    on    the    hub,    lower    part    of    Fig.    35. 
The  grooves  in  the  face  of  the  nut  should  register  with  the  flutes 
of  the  spring  washer.  ' 

Remove  the  nut  from  the  forward  left-hand  bearing  bolt  and 
replace   it   with   a   special   flat   Westiaghouse   nut,   as   shown   in 


Fig.  30-^A«8emBIy  of  Fig.  36 — Adjueting  the  distance  hetweea  the  cen- 
WeatingJiausecrankahaJt  tera  0/  the  crunkeha/t  and  the  shaft  of  the  elcc- 
tprocket  and  <r«  adfusi-  trical  unit.     Thit  distimce  should  be  exact 


Fig.  33.  Place  the  lock  waster  on  top  of  this  nut  and  screw 
the  cylindrical  nut  down  tightly  to  the  lock  washer.  Replace  the 
Fort  timer, 

Moontiiig  Electrical  Unit 

Set  the  Westinghouse  electrical  unit,  Fig,  36,  in  place  on  the 
engine,  using  in  the  cylinder  head,  the  three  special  screws  fur- 
nished for  this  purpose  and  the  special  cylindrical  nut  provided. 
Adjust  the  center  distance  between  the  engine  crankshaft  and 
the  shaft  of  the   electrical   unit,  as  shown  in   the  figure.      This 
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distance  should  bo  11^3  inch  as  shown,  and  all  three  points  at 
support  should  touch. 

Remove  the  sprocket  from  the  shaft  of  the  electric  unit,  Fig. 
37.  Insert  the  sprocket  in  the  endless  driving  chain  and  press 
the  sprocket  on'  ithe  shaft  as  shown  in  the  figure.  When  tha 
Bprocket  is  in  place  there  should  be  at  least  10  pounds  tension 
on  the  chain.  If  the  tension  on  the  chain  is  less  than  3  pounds, 
'  adjust  the  center  distance  as  directed  in  the  following  para- 
graph until  required  tension  is  obtained. 

A  new  silent  chain  is  elastic  to  some  extent  and  for  this  rea- 
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BOD  a  new  chain  is  adjusted  to  run  at  about  10  pounds  tension. 
After  several  hundred  miles  of  running,  the  chain  may  be  loos- 
ened so  that  it  strikes  the  chain  guard.  This  is  a  sure  naming 
that  it  is  time  to  tighten  the  chain  and  it  should  really  not  be 
allowed  to  run  until  this  occurs.  Loosen  the  three  bolts.  Fig. 
38,  about  one  full  turn  from  the  top  supporting  bracket.  Tighten 
the  adjusting  bushing  nearest  the  radiator  until  chain  ten- 
sion is  correct,  and  then  set  other  bushing  to  agree  and 
tighten  all  support  bolts.  Do  not  run  the  chain  under  tension 
after   it   has  been   stretched.     If   the  chain   is  too   tight  it  will 
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produce  a  grindiog  noise.  When  properly  adjusted,  after  the 
chain  has  been  in  service  for  at  leaat  2,000  miles,  it  ahould  give 
about  %  to  l^  inch  when  pressed  upon  with  the  fingetB. 

After  replacing  tbe  fan  pulley  and  tightening  the  nut,  be  aure 
to  replace  the  cotter  pin,  Fig.  39.  Mount  the  chain  guard  in 
jilace  and  sec  that  it  lines  up,  as  shown  in  Fig.  40. 

Clamp  the  split  fan  pulley  on  the  Ford  fan  pulley  aa  ahown  iu 
Figs,   37  and  38,  and  replace  the   fan  on   the  engine,   using  the 


new  fan  belt.  The  fan  blades  should  be  bent  slightly  so  as  to 
clear  the  pulley  on  tbe  electric  unit.'  Instead  of  the  Ford  ratchet 
clutch  and  pin,  uso  the  Westinghouae  sleeve  and  pin  respectively 
as  shown  in  Fig.  38.  When  the  Ford  starting  crank  is  replaced 
it  may  be  found  slightly  out  of  alignment.  If  so,  insert  a  bar 
in  the  starting  crank  bearing  and  spring  the  bearing  into  align- 
jnent.    This  completcs-the  inatallation  of  the  electrical  unit  itself. 
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Installation  of  Switches  and  Battery 

Mount  the  Westinghouae  two-gang  lighting  switch  on  the  right- 
hand  side  of  the  dash,  as  shown  in  Fig.  40.  Cut  a  rectangular  hole 
in  the  daah  at  a  point  low  enough  bo  that  the  carbureter-adjusting 
rod  will  not  touch  the  contact  screws  of  the  switch  when  it  is 
fastened  in  place  by  four  wooden  screws  through  the  cover  plate 
on   the  face  of  the  dash.     Mount  the  fuse  juat  below  the  lamp 
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switch  on  the  engine  side  of  the  dash  as  shown  in  the  figure.  On 
Ford  cars  with  the  cowl  dash,  it  may  be  necessary  to  change  the 
position  of  the  speedometer  slightly  to  provide  space  for  the  lamp 
switch. 

The  starting  switch  and  hand  generator  cut-out  should  be 
located  on  the  heel  board  at  the  left-hand  side  of  the  car,  ap- 
proximately 2  inches  from  the  car  frame,,  as  shown  in  Fig.  41. 
The  terminals  should  be  toward  the  right-hand  side  of  the  ear. 
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Monnt  tbe  battery  box  on  the  right-hand  lunuing  board,  68 
shown  in  Fig.  43,  and  drill  two  %-inch  holes  in  the  splash  plate 
to  match  the  holes  in  the  battery  box.  Place  the  battery  in  the 
box  as  shown  in  Fig.  43,  end  fasten  it  in  place  with  the  holding- 
down  bolts. 


InstaUing  the  Wiring 


ing  should  be  f 

If   Westlnghonsc   lamp 

d.     AH   the   holding  c 
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bolts  already  on  the  Ford  cbassis,  exci-pt  wbere  wood  screws  . 
may  be  used  to  attach  tbo  holding  cleats  to  woud  parts.  Be  very 
earetol  that  tbe  various  cable  terminals  do  not  touch  any  part 
other  than  tbe  stud  to  which  they  arc  supposed  to  be  fastened. 
Failure  to  observe  this  precaution  may  result  in  tho  apparatus 
Wing  seriously  damaged  or  tbo  bstlery  ruined  before  the  car  is 
ever  run.  It  is  equally  esaential  to  prevent  the  metnl  armor  on 
the  cables  from  touching  any  of  tbe  connecting  atuds  or  ter- 
minals. The  ground  wire  shouM  be  fastened 
at  one  end  under  one  of  the  supporting  bolts 
of  the  starting  switch  and  cut-out  nud  at  the 
otber  end  by  fastening  the  conupction,  together 
with  the  eleat  for  W-2,  under  the  bolt  holding 
the  brake  and  clutch  rod  to  the  frame.  Do  not 
connect  the  ground  wire  W  from  the  battery 
until  all  other  wires  are  in  place  and  fastened. 
The  ground  connection  W  is  made  by  fastening 
the  connection  under  the  bolt  of  the  muffler 
support. 

Attach  tbe  lamp  connect ora  to  tbe  wires. 
These  connectors,  as  made  by  the  Westingbouse 
company,  are  of  the  solderless  type.  To  con- 
Flg.  40— Detail!  of  "***  remove  tbe  connector  from  the  lamp.  Slip 
Weattnghoaae  lamp  the  casing,  See  A  in  Fig.  46,  back  over  the  cable 
and  push  the  wires  through  tbe  col'ar  B.  Be- 
move  the  insulation  from  the  ends  of  the  wires  for  a  distance  of 
about  ^  inch.  With  a  small  screwdriver  applied  to  the  sleeves  D, 
removfl  the  little  metal  socket  C  from  the  connector.  Insert  tbe 
bare  ends  of  the  wires  into  the  holes  in  the  socket,  and  fasten 
them  with  the  small  set  screws.  Replace  the  socket  and  fasten 
it  by  screwing  up  on  the  sleeve  D.  Be  sure  that  none  of  the  strands 
of  bare  wire  projects  outside  of  the  insulating  piece  E.  Attach  the 
head  and  tail  lamps,  insert  the  connecting  p'ugs  and  try  all  circuits 
to  determine  that  everything  is  operating  satisfactorily. 

Wben  Weatinghouse  Ford  electric  headlamps  are  used,  Fig. 
45,  connect  as  shown  in  the  diagram,  grounding  one  wire  from 
each  lamp  socket,  also  one  wire  from  the  tail-light  socket.  One 
switch  button  will  give  dim  lights,  and  tbe  other  switch  button 
will  give  bright  lights.  If  two-wire  double-bulb  lamps  are  used, 
one  wire  from  each  lamp  socket  must  be  grounded  to  the  lamp 
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housing  or  car  frame,  as  shown  in  Fig.  44,  and  the  dimmer 
should  be  disconnected.  If  side  lights  are  used  instead  of  double- 
bulb  headlights,  with  two-wire  lamps,  both  wires  in  cables  W-7 
and  W-8  can  be  used  for  the  headlights,  as  shown  in  Pig.  44,  the 
dash  end  of  one  wire  in  each  cable  being  grounded  instead  of  con- 


Fig    il—FiTBt  elgp  in  in-  Fig     iff  —  Wentinti- 

stallation   of  Weatinghouae  ho  ne    ignition    unit 

igniflon    unit   on   Ford   cor  n  ounled  on  Ford  car 

nccting  to  the  switch  An  additional  wire  should  be  run  from  the 
an  Itch  to  one  terminal  of  ea  h  s  de  lamp  and  the  other  terminal 
of  the  lamp  grounded  The  dimmer  should  be  disconnected  If  Bide 
lif!hts  are  used  instead  of  double  lulb  Kmps  with  single  wire 
lamps  both  ends  of  one  Hire  in  ible  W  an!  W8  are  iseless 
and  shoul  I  be  taped  An  aiditional  n  re  should  be  run  fram  the 
switch  t  ca  h  sid(  lamp  and  the  other  terminal  f  the  lamp 
grounded      The  dimmer  shculd  be  disconnected 

butaUing  Westmghouse  IgniUon  on  the  Ford 

Kcmove  the  Ford  timer  and  tim  r  rod  liotd  igniti  n  coil  and 
all  Ignition  wiring  Remove  tbe  1  rd  timer  roller  anl  the  spark 
I  lug  from  cjlinder  No    1    nearer  the  radiator 

Place  the  Westmghouse  gear  Z  1  on  the  camshaft  in  place  of 
the  Ford  timer  roller  and  fasten  it  in  place  with  the  same  pin  cap 
and  nut  use!  in  hoi  ling  the  roller  as  shown  in  Fig  4  Tiirn  the 
engine  until  the  piston  of  Lvlinder  No  1  is  at  the  exact  center  of 
tbe  firing  stroke  that  is  when  the  piston  has  come  to  the  top  at 
the  cylinder  with  both  tbe  lolet  and  outlet  valve  closed     The  po{ii< 
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tiOD  of  the  piston  and  the  valves  may  be  seen  through  the  spark- 
plug hole. 

Mount  the  ignition  unit  in  the  supporting  bracket  and  put  the 
holding  screw  2-3  in  place.  Be  sure  that  the  ignition  unit  turns 
freely  in.  the  bracket.    Remove  the  distributor  block  from  the  top 


Fig.  49 — Oonnectlon  of 
timer  rod  and  arrange- 

teiring     oj     Weallng- 
floHne  Ignition  unit  an 


Pig.  GO — ConneeOana  for  Wett- 
iHtlli'iute  Ignition  unit  for  Ford 
Kingle-pole  iion-revcraing  twitch 


L>±J 


of  the  ignition  unit  and  slide  the  ring  cover  up.  Turn  the  entire 
unit  until  it  is  in  the  position  shown  in  Fig.  4S.  Hold  the  unit 
firmly  in  this  poaition  and  turn  the  distributor- brush  arm  counter- 
.  clockwise  to  the  left  until  the  contact  brush  is  in  the  position 
shown  in  Fig.  4S,  and  the  intermpter  contacts  are  just  beginning 
to  open.  Now  clamp  the  unit  in  place  on  the  engine  exactly  in  this 
position.  Use  the  two  special  screws  Z4  to  hold  the  bracket  in 
place  on  the  engine.    Turn  the  engine  over  by  hand  to  make  sure 
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that  the  bevel  gears  are  meshiug  correctly  and  not  binding  in  any 
position.  • 

Connect  the  timer  Z-G,  furnished  with  the  Westinghouse  equip- 
ment, to  the  ignition  unit  as  shown  in  I'ig.  49.  Operate  the  spark 
lever  on  the  steering  post  and  see  that  tlie  ignition  unit  fallows  the 
movement  of  the  control  lever  and  does  not  tend  to  bind  in  any 

Mount  the  cover  plate  on  tlie  dash  over  the  holes  left  by  the  re- 
moval of  the  Ford  coil  unit,  and  cut  a  rectangular  hole  in  the  dash 
to  receive  the  Westinghouse  iguitiou  switch.  Fasten  the  cover 
plate  and  ignition  switch  to  the  dash  with  the  screws  aupplied  for 


that  purpose.  Place  the  diitributor  block  on  the  ignition  unit  and 
connect  the  wires  to  the  spark  plugs  as  shown  in  Figs.  49  and  GO. 
Be  very  careful  to  connect  each  plug  to  the  point  shown  in  the  dia- 
gram. Connect  one  end  of  the  small  wire  Z-7  to  the  terminal  on 
the  aide  and  near  the  bottom  of  the  ignition  unit  that  has  no  other 
connection,  and  connect  the  other  terminal  of  the  wire  Z-7  totfhe 
ignition  switch.  The  terminal  Y  on  the  ignition  switch  should  be 
connected  to  the  negative  terminal  of  the  battery,  which  may  be 
done  by  running  a  wire  to  the  terminal  B-  on  tho  cut-out  0,  as 
shown  in  Fig.  50.  Tho  ignition  circuit  is  completed  through 
ground  or  the  chassis  of  the  car  when  the  ignition  switch  is  closed. 
There  are  three  terminals  provided  for  reversing  the  direction 
of  current  through  the  interrupter  contacts.  Changing  the  short 
connection  from  one  side  of  the  confer  to  the  other  aido,  and  chang- 
ing primary  wire  reverses  the  current  through  the  interrupter  con- 
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The  ignition  Bwitch  is  a  simple  aiugle-pola  awitch  used  in  con- 
necting the  primarj'  terminal  of  the  ignition  unit  to  the  negative 
terminal  of  the  battery.    A  front  and  rear  view  of  the  switch  are 

I B-  ■  shown  in  Fig.  51,  and  it  may 

1    I     I     ,  ^  ToSparhPlugl        be  used  to  reverse  the  direction 

fiihj^AI^  of  the  current  through  the  in- 

■0  3ndu4rlnMu  terrupter  contacts  as  follows: 
Remove  the  metal  strip  that 
connects  two  of  the  three  ter- 
minals on  the  ignition  unit 
together.  Bemove  the  metat 
Strip  that  connects  two  of  the 
four  switdh  terminals  together 
and  make  connections  between 
the  switch  and  ignition  unit  as 
shown  in  Fig.  52. 

Startmg  and  Lighting  Unit 

The  Westinghouse  electrical 
equipment  for  the  Ford  car  is  a 
12-volt,  singls-uuit,  single-wire 
type  in  which  the  unit  is  con- 

I — -1      t  nected  permanently  to  tho  en- 

\Baltriy  gine    by   a   silent-chain    drive. 

L-t^ 1  The   driving   sprocket  on   the 

^'  engine  crankshaft  has  a  cush. 

■  ioned  positive  drive  in  the 
starting  direction,  that  ia, 
when  the  sprocket  tends  to  turn 
faster  than  the  crankshaft  and 
a  friction  drive  in  the  generating  direction.  The  friction  of  this 
drive  is  adjustable  for  wear  without  removing  any  part  of  the 
equipment,  as  described  in  the  section  on  failure  of  generitor 

A  battery  cut-oat,  or  magnetic  switch  as  it  is  sometimes  called, 
is  connected  in  the  circuit  between  the  generator  and  the  batttri 
This  switch  connects  the  battery  to  the  generator  antomaticalh 
when  the  engine  is  running  at  a  speed  equivalent  to  approximatelv 
9  miles  per  hour  on  direct  drive  or  high  speed  When  the  engine 
is  connected  to  the  rear  aile  through  the  gears,  the  cut-oat  closes 
at  a  much  lower  speed  of  the  car  in  miles  per  hour.    If  no  lights 


eallast 


52 — Conneetiong  bedceen  ignUiira    j 
!ch  and  unit  so  dirtctfon  a 
I   <n   Jnlcrrupter  conlac(«   c 
recerged 
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are  turned  on  wbea  the  cut-out  cloaes,  the  bBtteT;-  will  immediatelj' 
start  to  charge,  provided  voltage  of  the  generator  exceeds  the  volt- 
age of  the  battery  which  should  be  the  case  if  all  adjustments  are 
properly  made.  If  the  lamps  are  turned  on  and  cut-out  closes,  the 
battery  may  not  start  to  charge  until  the  car  speed  has  reached 
perhaps  IS  miles  per  hour,  as  the  generator  first  must  supply  all 
the  current  to  the  lamps  before  it  can  start  to  charge  the  battery. 
The  current  supplied  to  the  battery  will  depend  upon  the  number 
and  kind  of  lamps  in  service  and  the  speed  of  the  engine.  Four- 
teen-volt  bulbs  should  be  used  in  all  the  lamps.    The  construction 


Fig.  S3 — CoBttni 


t  of  WetliTighouie  itarting  ntcUch  a 


ef  the  starting  switch  and  cut-out  is  shown  in  Fig.  53.  The 
electrical  connections  for  the  switch  and  cut-out  are  shown  in  Figs. 
44  and  45,  Two  windings  are  provided  on  the  cut-out.  One  ot 
these  windings,  or  coils,  carries  a  current  which  is  proportional  to 
the  voltage  generated  by  the  electrical  unit  and  the  other  carries 
the  current  delivered  to  the  battery  by  the  generator  action  In  the 
electrical  unit  and  the  discharge  current  from  the  battery  through 
the  electrical  unit  when  the  voltage  of  the  battery  for  any  reason 
exceeds  the  voltage  of  the  generator  and  the  cut-out  contacts  hap- 
pen to  be  closed.  This  series  winding  on  the  cut-out  and  the  cut- 
out contacts  are  short-circuited  by  {he  starting-switch  contacts 
when  the  starting  switch  is  closed  and  there  is  a  heavy  discha^e 
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current  from  the  battery  through  the  electrical  unit  which  now  is. 
operated  as  a  motor. 

The  internBl  electrical  connections  of  the  electrical  unit  are 
Bhown  diagrammatieally  in  Figs,  44  and  45.  There  are  two  wind- 
ings on  the  magnetic  circuit  of  the  machine,  one  a  heavy  winding 
of  relatively  few  turna,  connected  in  aeries  with  armature  wind- 
ing, and  the  other  a  finer  winding  of  rela'tively  large  number  of . 
tnrna,  connected  from  a  third  brush  to  ground,  which  electrically  is 
one  terminal  of  the  machine.  When  the  machine  is  operating  as  a 
generator  its  output  ia  regulated  by  a  combination  of  the  third- 
brush  and  bucking-field  prineiples.  When  the  machine  is  being 
operated  as  a  motor  the  magnetizing  action  of  the  large  and  small 
field  windings  asaist  each  other  and  the  combination  produces  a 
large  starting  torqne.  The  armature  of  the  machine  tends  to 
rotate  in  the  same  direction  when  used  as  a  motor  that  it  rotates 
in  when  used  aa  a  generator  and  driven  by  the  engine. 

The  cap  oiler  on  the  back  end  of  the  electric  unit  ahould  be  given 
three  or  four  dropa  of  oil  about  once  every  month.  Alwaya  use 
the  beat  quality  of  machine  oil  for  this  purpoae. 

Examine  the  commutator  occaaionally  by  removing  the  spring 
collar  over  the  bruahea.  Bleep  the  commutator  free  from  dirt  or 
oil.  If  the  commutator  becomes  roughened  ita  surface  may  be 
smoothed  up  with  fine  sandpaper  held  againat  its  aurface  with  a 
square  ended  stick  of  wood.  Be  aure  that  the  bruahea  are  clean 
and  making  good  contact  with  the  commutator  aurface  and  that 
they  are  not  worn  ao  as  to  need  replacement.  The  bruahea  should 
not  be  removed  unless  they  are  suspected  aa  being  the  cauae  of 
some  electrical  trouble  in  the  operation  of  the  ayatem.  They  may 
be  removed  by  lifting  the  spring  that  holda  the  bruah  in  the  guide 
and  taking  out  the  screw  holding  the  brush  shunt,  after  which  the 
brushes  may  be  slipped  out.  In  removing  each  brush  it  ahould  bn 
noted  which  side  waa  up  and  each  brush  should  be  replaced  in  its 
original  holder  with  the  proper  side  up.  When  new  brushes  are 
inatalled  see  that  they  are  seated  properly  on  the  commutator  by 
grinding  them  in  with  sandpaper  until  this  perfect  fit  is  obtained. 
It  ia  advisable  to  use  brushes  obtained  from  the  manufacturers  of 
the  equipment,  aa  they  have  determined  by  test  and  experience 
which  kind  ia  beat  adapted  to  each  particular  requirement. 

Do  not  put  oil  or  grease  of  any  kind  on  any  part  of  the  atarting 
switch,  as  it  will  cauae  the  switch  coutacta  to  become  gummed  and 
poor  electrical  connection  will  be  the  result. 
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-  If  for  any  reason  at  all  one  of  the  bearings  hua  to  be  removed 
and  replaced,  the  adjusting  cover  plate  should  be  screwed  into 
exactly  the  same  position  and  the  stop  inserted  in  the  same  hole. 

Before  cleaning  the  engine  with  kerosene  or  gasoline,  be  aura 
to  first  disconnect  the  positive,  +,  battery  cable  from  the  bat- 
tery. If  this  suggestion  is  not  followed,  a  spark  may  be  produced 
by  some  part  of  the  live  circuit  coming  in  contact  with  a  grounded 
part,  which  may  ignite  the  gas.  Be  sure  to  reconnect  the  battery 
when  through  cleaning. 

Several  additional  fuses  should  be  carried  at  all  times.  If  any 
one  of  the  fuses  in  service  is  blown,  it  should  not  be  replaced  until 
the  cause  is  known  and  remedied.  A  fuse  may  blow  due  to  a  ground 
or  short-circuit  in  the  wiring  or  lamp  sockets  of  any  of  the  various 


Fig.  5i — EsKOtUal  par 

electrical  circuits.  Under  no  conditions  is  it  advisable  to  use 
a  piece  of  wire  in  place  of  a  fuse,  only  in  a  very  extreme  emer- 
gency and  not  then  unless  the  difficulty  with  the  circuit  has  been 
corrected  or  it  is  known  not  to  be  very  serious  and  no  additional 
fuses  are  available.  Be  sure  to  replace  the  substitute  with  a  good 
fuse  at  the  very  first  opportunity.  The  current  capacity  of.  the 
fuse  should  be  10  amperes. 

Never  run  the  engine  with  the  battery  disconnected.  In  discon- 
necting the  battery,  always  disconnect  the  positive  terminal  first, 
and  in  reconnecting  always  connect  the  positive  terminal  last. 

Operation  of  Ignition  Unit 

The  Westinghouse  ignition  unit  is  made  up  of  four  essential 
parts,  namely,  the  interrupter,  the  condenser,  the  induction  coil 
and  the  distributor,  Fig.  54,  all  mounted  in  one  case.   The  operation 
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of  the  iDterrQpter  maj  be  observed  bj  loosening  the  thumb  screw  - 
A,  Fig.  55,  and  sliding  the  loose  section  of  the  insulating  case  up- 
ward. With  the  ignition  switch  turned  to  the  "on"  position  and 
the  engine  being  turned  over  very  slowly  by  hand,  each  segment 
of  the  interrupter  ca.m.  Fig.  54,  in  turn  passes  on  and  off  the  fiber 
bumper.  As  each  segment  of  the  cam  passes  off  the  fiber  bumper, 
tho.  interrupter  contacts  close,  thus  closing  the  electrical  circuit 


Vlg.  OS — Wotinghottse  ignition  unit  /or  the  Ford  car.     At  U!t, 

intfTrupter  cover  raieed  and  diatrifiHter  plate  <n  posKion,-  right, 

IntermpteT  cover  latoered  and  diatributer  plate  removed 


from  the  battery  through  the  primary  winding  of  the  induction 
coil.  Then  as  each  segment  of  the  cam  passes  under  the  fiber 
bumper,  the  interrupter  contacts  are  opened,  which  suddenly  opens 
the  electrical  circuit,  thus  causing  a  high  voltage  to  be  induced 
in  the  secondary  winding  of  the  induction  coil.  The  secondary 
winding  has  one  of  its  terminals  grounded  and  the  other  terminal 
is  connected  by  the  distributor  to  the  insulated  terminals  of  the 
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■  diffeTent  spark  plugs  in  txkin.  If  the  ailjuetmenta  of  the  ignition 
unit  are  correct,  the  secondary  winding  should  be  connected  to 
some  one  of  the  spark  plugs  at  the  Instant  that  the  primary  cir- 
cuit is  opened  at  the  interrupter  contacts.  The  high  voltage  pro- 
duced in  the  secondary  winding  then  will  cause  a  apark  hetween 
the  terminals  of  the  spark  gap  of  one  of  the  spark  plugs  and  thus 
ignite  the  charge  of  gas  in  the  engine  cylinder  in  which  the  plug  is 
mounted. 

The  adjustment  of  the  ignition  unit  should  not  be  disturbed 
until  a  thorough  search  has  been  made  for  the  trouble  and  you  arc 
positive  the  difficulty  is  within  the  unit  itself. 

The  distance  between  the  points  of  the  spark  plugs  should  be 
adjusted  to  .025  inch  for  the  best  operation.  Missing  often  will 
be  due  to  dirty  spark  plugs,  or  the  insulation  of  the  plug  may  be 
cracked.  The  plugs  should  be  removed  and  thoroughly  cleaned  and 
inspected  and  the  points  carefully  adjusted. 

The  carbureter  should  be  adjusted  carefully,  preferably  by  a 
man  thoroughly  familiar  with  this  kind  of  work,  and  his  instruc- 
,tions  in  regard  to  changing  to  a  richer  or  leaner  mixture,  use  of 
heating  jackets,  etc.,  should  be  followed. 

Although  there  seems  to  be  do  relation  between  the  water  cir- 
culation or  insufficient  cooling  of  the  engine  and  ignition,  yet  it 
may  tend  to  cause  pre-ignition,  loss  of  power,  and  a  tendency  for 
one  or  more  cylinders  to  keep  on  firing  after  the  ignition  is  turned 
off.  An  excessive  deposit  of  carbon  in  the  cylinders  may  be  the 
cause  of  similar  results. 

The  interrupter  contacts  should  be  adjusted  by  turning  the  con- 
tact screw  with  a  screwdriver  so  that  with  the  cam  segments 
against  the  Sber  bumper  j,s  shown  in  Fig  54,  the  contacts  are  open 
008  inch  The  interrupter  contai.t  should  be  inspected  about  e^ery 
1  000  miles  running  of  the  ear,  and  the  gaj  space  checked  with 
the  feeler  gage  furnished  with  the  outfit  If  the  contact  points 
are  rough  or  pitted  thev  should  be  smoothed  off  with  a  very  fine 
file,  making  certain  that  the  RurfaccB  come  together  squarely  after 
final  adjustment  has  been  made 

The  distributor  brushes  should  ilide  freely  m  their  holder  and 
the  spring  should  push  the  top  bruah  out  so  aa  to  extend  from  the 
holier  about  one  quarter  inch  when  the  distributor  plate  is  re 
moied  The  brushes,  however,  should  be  retained  firmly  by  their 
springs  BO  as  to  never  tend  to  fall  completely  out  of  the  tube 
Be  sure  that  both  brushes  are  in  place  before  pulling  on  the  dis 
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Iributor  plat&  The  anrt&ce  of  the  distributor  plate  shonld  bo' 
ke|)t  free  from  carbon,  dust  between  the  contact  surfaces  bj  an 
ot^caaional  wiping  with  a  clean  cloth. 

When  the  engine  is  running  with  onj  bigh-tenaion  lead  diacon- 
nected  from  its  apark  plug,  aa  In  the  case  of  a  spark  plug  fiump, 
the  disconnected  high-tension  lead  should  be  grounded  to  the  en- 
gine frame.  The  ignition  unit  never  should  be  operated  with  a 
high-tenaion  lead  disconnected  from  its  distributor  terminal. 

Installation  of  Voltmrter  and  Anuneter 

A  voltmeter  may  be  mounted  permanently  on  the  dash  of  the 
car  and,  when  properly  connected,  will  indicate  at  all  times  the 
condition  of  the  storage  battery.  -  When  connecting  a  voltmeter  to 
the  circuit  of  the  Weatinghouae  Ford  system,  connect  the  terminal 
marked  —  on  the  voltmeter  to  the  terminal  marked  B —  on  the 
Weatinghouae  combined  sta,rtiiig  switch  and  cut-out.  The  volt- 
meter terminal  marked  -|-  should  be  connected  to  the  frame  of  the 
car  at  any  convenient  point. 

If  an  ammeter  is  desired  it  may  be  connected  easily,  as  provi- 
sion for  connecting  one  in  circuit  has  been  provided  on  the  com- 
bined starting  switch  and  cut-out.  To  connect  the  ammeter  in 
circuit  remove  the  metal  strip  between  the  small  terminal  and  the 
B —  terminal,  and  connect  the  terminal  marked  —  on  the  ammeter 
to  the  terminal  marked  B —  on  the  combined  starting  switch  and 
cut-out.  The  terminal  marked  -^  on  the  ammeter  should  be  con- 
nected to  the  small  terminal  from  which  the  metal  atrip  was  taken 
on  the  combined  starting  switch  and  cut-out. 

Location  of  Trovblet 

When  troubles  arise  in  the  operation  of  an  electrical  system,  it 
ia  deairable  to  locate  them  aa  quickly  aa  possible,  and  to  assist  in 
doing  this  the  Westinghouse  company  haa  gone  to  considerable 
trouble  in  preparing  a  general  claaaification  of  the  troubles  Ukely 
to  occur  in  connection  with  their  aystem  and  the  causes  of  each. 
It  ia  not  likely  that  you  wilt  ever  experience  any  particular  diffi- 
culty and  will  have  no  occaaion  to  make  use  of  certain  parts  of  this 
list  of  probable  difficulties.  In  each  general  classification,  the 
most  likely  cause  and  at  the  same  time  the  mnst  easily  tested  are 
given  first  and  they  should  be  cheeked  in  the  order  given. 
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Starting  Troabkt 

If  the  st&rting  motor  faila  to  start  when  the  atarting  switch  is 
flased,  open  up  the  atartlng  switch  and  test  out  the  trouble  as  fol- 
lows, using  a  direct-current  voltmeter  to  check  with.  Connect  the 
voltmeteT  to  the  battery  terminals  or  better  still  ns  instructed  in 
a  previous  section  and  observe  its  indication  of  the  battery  volt- 
age. If  it  indicates  less  than  H  volts  or  the  lamps  are  very  dim 
when  turned  on,  the  battery  is  run  down.  The  condition  of  the 
battery  can  be  checked  by  determining  ita  specific  gravity,  as 
previoualy  explained  under  the  section  relating  to  the  storage 
battery. 

Next  look  for  an  open  circuit  or  loose  connection  in  the  wires 
W,  W-1  and  W-2,  Figs.  44  and  45.  Bemove  the  spring  coHar 
over  the  brushes;  see  that  the  brushes  and  commutator  are  in  good 
condition  and  not  sticky  with  oil,  and  the  brushes  make  good 
electrical  contact  with  the  cotnihutator.  Examine  the  contacts  in 
the  starting  switch  to  see  that  the  circuit  is  closed  when  the  switch 
is   depressed. 

If  the  motor  still  fails  to  start  after  this  inspection,  connect  the 
voltmeter  leads  to  the  brushes  of  the  motor  and  close  the  starting 
switch,  at  the  same  time  observing  the  voltmeter.  If  the  voltmeter 
shows  no  indication  the  trouble  is  in  the  circuit  between  the  bat- 
tery and  the  motor.  Bemove  the  voltmeter  connection  from  the 
positive  brush  and  transfer  it  back  to  the  positive  battery  terminal 
and  observe  the  voltmeter  reading  with  the  starting  switch  closed. 
If  the  voltmeter  gives  an  indication  of  the  voltage  of  the  battery 
the  trouble  is  in  the  circuit  between  the  positive  terminal  of  the 
battery  and  the  grounded  brush  of  the  starting  motor.  Now  re- 
move the  voltmeter  lead  from  the  positive  terminal  of  the  battery 
and  connect  it  to  the  frame  of  the  car  and  observe  the  voltmeter 
reading.  If  the  voltmeter  does  not  read  the  voltage  of  the  bat- 
ter? the  circuit  from  the  positive  terminal  of  the  battery  to  the 
frame  of  the  car  is  open.  If  the  voltmeter  does  read  the  volt- 
age of  the  battery,  the  connection  from  the  grounded  brush  of 
the  starting  motor  to  the  frame  of  the  car  is  open.  The  circuit 
leading  from  the  negative  terminal  of  the  battery  to  the  starting 
motor  may  be  tested  for  opens  by  connecting  one  terminal  of  the 
voltmeter  to  the  positive  terminal  of  the  battery  and  then  moving 
the  other  terminal  of  the  voltmeter  along  the  circuit  from  point 
to  point,  starting  with  the  negative  battery  terminal  and  observ- 
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ing  the  voltmeter  reading  for  each  separate  connection.  For . 
example,  if  the  voltmeter  indicates  the  battery  voltage  with  the 
free  terminal  connected  to  the  starting-switch  terminal  to  which 
the  wire  B —  is  connected,  Fig.  44,  but  gives  no  indication  when 
the  free  terminal  ia  transferred  to  the  starting  switch  terminal  to 


which  the  wire  Vf-2  is  connected,  the  starting  switch  being  de- 
pressed, it  is  an  Indication  of  an  open  circuit  in  the  starting  switch 
itself. 

All  these  tests  may  indicate  the  circuit  is  closed  and  that  the 
battery  is  fully  charged  yet  the  starting  motor  will  not  operate. 
The  difficulty  is  then  likely  due  to  an  extra  resistance  being  intro- 
duced into  the  circuit  such  as  poor  starting-switch  contact,  bad 
ground  connections,  etc.,  and  may  be  tested  for  as  follows:  Con- 
nect the  voltmeter  across  the  part  of  the  circuit  you  suspect  of 
being  in  trouble,  for  eiainple,  the  starting  switch,  and  close  the 
switch.  If  there  is  quite  an  appreciable  reading  on  the  voltmeter 
the  resistance  of  the  switch  contacts  is  too  high  and  should  be 
cleaned  and  readjusted.  Likewise  the  resistance  of  the  ground 
connections  may  be  tested  by  connecting  the  voltmeter  across 
the  ground  connection  with  the  circuit  closed  and  observing  the 
voltmeter  reading.  There  will  be  practically  no  indication  on  the 
voltmeter  if  the  resistance  of  the  ground  conoeetion  is  low,  other- 
wise the  ground  connection  will  show  a  considerable  indication 
depending  upon,  the  resistance  offered  by  the  ground  and  the  cur- 
rent being  sent  through  the  resistance.  The  resistance  of  the 
entire  starting-motor  circuit  between  battery  and  starting  motoi 
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.may  be  checked  by  observing  both  the  terminal  voltage  of  the 
b&tterj  and.  the  voltage  between  the  motor  bruBhes  when  the 
starting  snitch  ia  closed.  The  difference  in  these  two  readings  is 
a  measure  of  the  voltage  used  in  producing  the  current  through  the 
wires,  switch,  frame  of  car  and  all  connections  and  should  be  small 
in  value  in  order  that  as  large  a  part  of  the  total  batterj  pressure 
as  possible  be  available  for  operating  the  starting  motor.  Bemem- 
ber  that  the  voltage  between  bmshes  of  the  starting  motor  and 
the  battery  voltage  will  be  the  same  if  the  starting  switch  ia 
closed  and  the  circuit  inside  the  motor  is  open  when  the  measure- 
ments are  made  and  is  no  indication  of  a  low  resistance  but  instead 
an  open  circuit. 

If  the  engine  does  not  pick  up  immediately  after  two  or  three 
trials,  although  the  starting  motor  turns  the  engine  at  the  required 
speed,  the  trouble  is  more  than  likely  due  to  one  of  the  following 
causes;  Gasoline  supply  exhausted;  dirty  spark  plugs;  faulty  car- 
bureter adjustment;  ignition  system  at  fault. 

If  the  engine  is  cold  or  has  not  been  in  use  for  some  time  it  may 
be  necessary  to  use  the  strangler,  which  reduces  the  air  supply  to 
the  carbureter.  The  installation  of  the  strangler  is  shown  ia 
Fig.  56. 

If  the  lamps  in  one  circuit  do  not  burn,  the  trouble  may  be  duo 
to  the  tamp  being  burnt  out  or  a  broken  connection  in  the  wiring. 
Carefully  examine  all  the  places  where  the  electrical  connections 
are  made  on  that  particular  circuit,  and  try  a  lamp  that  you  know 
ii  0.  E.  in  the  lamp  socket. 

If  none  of  the  lamps  will  bum,  and  the  voltmeter  reading,  when 
the  instrument  is  installed  as  instructed  in  the  section  on  installa- 
tion of  voltmeter  and  ammeter,  drops  to  zero  with  the  engine 
stopped,  this  may  be  due  to: 

(a)  The  terminals  of  the  battery  are  disconnected  or  corroded  so 
that  they  do  not  make  good  electrical  contact. 

(b)  The  wire  W,  Fig.  44,  is  disconnected  or  broken.  If  the  volt- 
meter indication  ia  O.  K.  the  trouble  may  be  due  to: 

(c)  Blown  fuse.  If  the  fuse  is  blown  do  not  replace  it  immedi- 
ately but  look  over  the  wiring  carefully  for  an  accidental  ground 
or  short-circuit.  In  looking  for  grounds  or  abrasion  of  the  insula- 
tion on  the  wire  or  an  electrical  contact  between  the  ends  of  the 
cables  or  current-carrying  parts  of  the  wiring  devices  and  the 
metal  of  the  car,  socket  shells,  etc.,  should  be  examined.  When 
the  trouble  has  been  located  and  corrected,  replace  the  brown  fuse 
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with  aaother  fuse  of  the  aane  cnrrent  otkpacitf.    If  tlie  trouble  on' 

the  circuit  cannot  be  located  immediately,  then  turn  off  the  switch 
on  the  damaged  circuit  or  diseoanect  the  part  of  the  circuit  in 
trouble  by  looseuiug  wire  from  under  a  screw  or  disconnecting  it, 
if  absolutely  necessary,  by  cutting  the  wire,  and  have  the  difS- 
culty  adjusted  at  the  very  first  opportunity.  If  the  trouble  is  in 
a  particular  lamp  socket,  disconnect  the  attachment  plug  from 
this  socket  until  the  trouble  can  be  removed,  and  see  that  the 
removed  attachment  plug  does  not  dangle  in  such  a  way  as  to  make 
a  short-circuit   oa  the   metal   of  the  car, 

(d)  Wire  W  or  W-1  may  be  disconnected  or  broken.     If  this  is 
the  case  the  starting  motor  wilt  not  operate. 

(e)  Wire  W-4  or  W-5  may  be  disconnected  or  broken. 


(f)  The  lamps  may  be  burnt  out.  This  is  likely  to  be  tbe  ease 
when  any  of  the  troubles  a,  b  or  d  of  this  section  happen. 

(g)  The  battery  may  be  run  down. 

If  the  lamps  in  a  circuit  go  out  for  an  instant  only,  the  trouble  is 
probably  due  to  a  loose  connection  in  the  circuit  so  affetted.  If  all 
the  lamps  go  out  for  an  instant,  there  is  probably  a  loose  eonnee- 
tion  at  one  end  of  the  wire  W-4  or  W-5. 

If  the  lamps  are  dim  when  the  engine  is  not  running,  this  indi- 
cates that  the  battery  is  discharged.  If  possible,  have  the  battery 
charged  at  once  from  an  outside  source.  It  is  advisable  to  check 
flp  on  the  charging  rate  to  see  that  the  battery  is  being  properly 
charged. 

Battery  TrouUes 

The  battery  may  not  stay  charged  and  the  difBculty  may  be  dne 
to  any  of  the  following  causes. 

(a)  The  car  is  not  run  enough  without  the  lights  or  at  high 
enough  speed  for  the  generator  to  charge  tbe  battery  and  replace 
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■  the  electrical  energy  that  ia  drawn  from  the  battery  when  the 
lamps  are  burning  with  the  engine  not  running  or  running  at  very 
low  speed  and  that  used  in  operating  the  atarting  motor  and  igni- 
tion nnit. 

(b)  A  ground  in  the  car  wiring.  With  the  engine  stopped  and 
the  lights  turned  oS,  disconnect  one  of  the  battery  wires  and  touch 
it  lightly  on  the  battery  terminal  a  few  times.  If  a  spark  is  pro- 
duced there  is  a  ground  or  ahort-eircuit  in  the  wiring. 

The  battery  may  not  charge  even  though  the  engine  is  running 
at  a  higli  enough  speed,  due  to  one  or  more  of  the  following  causes: 

(a)  Loose  connection  between  the  starting  switch  and' electrical 
unit.  Bee  that  the  terminals  of  the  wire  W-2  are  tight,  and  ex- 
amine the  wire  between  the  terminals  for  a  break. 

(b)  The  magnetic  switch,  or  cut-outj  in  the  generator  circuit  is 
not  operating  properly.  Examine  the  switch  and  see  that  it  is 
connecting  and  disconnecting  the  generator  and  battery  prop- 
erly. The  switch  should  be  in  the  open  poaition  when  the  engine 
is  not  running,  as  shown  to  the  left  in  Fig.  57,  or  should  stay  in 
the  closed  position,  as  shown  to  the  right  in  the  figure,  when  the 
engine  is  running  at  a  speed  equivalent  to  a  ear  speed  of  approxi- 
mately 9  miles  per  hour  with  high-gear  connection.  The  speed 
at  which  the  cut-out  closes  of  course,  varies  considerably.  If  the 
switch  does  not  close,  the  generator  is  not  developing  sufficient 
voltage  due  to  the  presence  of  oil  on  the  brushes  or  commutator, 
or  some  of  the  brushes  may  be  worn  to  such  an  extent  that  they 
do  not  make  electrical  contact  with  commutator. 

(c)  The  friction  sprocket  may  have  lost  its  tension.  With  the 
engine  stationary,  try  to  turn  the  electrical  unit  by  hand  in  both 
directions.  If  it  can  be  turned  easily  in  one  direction  the  nut,  Fig. 
35,  should  be  tightened  sufficiently  to  enable  the  engine  to  drive 
the  electric  unit.  When  running  the  car  at  15  to  20  miles  per  hour 
a  faint  click  may  be  heard  abont  every  5  minutes.  If  the  clicking 
becomes  more  rapid  than  three  or  four  times  ia  5  minutes,  tighten 
the  adjusting  nut  a  third  to  a  half  turn. 

(d)  The  shunt-field  brush,  Figs.  44  and  45,  may  not  make  good 
contact  with  the  commutator.  Adjust  the  brush  and  if  this  does 
not  correct  the  trouble  make  the  following  tests:  Test  out  the 
shunt-field  circuit  for  open  connections.  If  the  shunt-field  winding 
is  found  op  en -circuited,  the  trouble  was  no  doubt  originally  due  to 
an  open  circuit  between  the  generator  and  the  battery  or  to  run- 
ning the  generator  with  the  battery  disconnected. 
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(e)  If  the  engine  turns  over  slowly  after  the  ignition  switch  is  - 
turned  to  the  "off"  position,  it  ia  an  indication  that  the  generatJir 
eut-out  is  sticking  and  the  battery  is  discharging  through  the  elec- 
trical unit  which  is  now  operating  as  a  motor.  Should  this  happen, 
immediately  close  the  ignition  swtti-h  and  white  the  engine  is  run- 
ning disconnect  the  wire  from  the  generator  and  then  examine  and 
adjust  the  cut-out  switch. 

Ig^iitioii  Trodbles 

If  the  engine  fails  to  pick  up  the  difficulty  may  be  due  to  failure 
of  the  sparli,  and  the  following  inspections  and  tests  may  be  made: 

(a)  See  that  the  ignition  switch  is  in  the  "on"  position  and 
that  the  wire  or  wires  leading  from  the  switch  to  the  ignition  unit 
are  not  disconnected  or  broken. 

(b)  See  that  there  is  gasoline  in  the  carbureter  and  if  there  is 
none  it  may  all  bo  uaed  up,  it  may  not  be  turned  on,  or  the  gasoline 
feed  pipe  or  valve  may  be  stopped  up.  If  the  system  is  of  the 
gravity  feed  type  the  gasoline  may  not  flow  into  the  carbureter  on 
steep  hilli. 

(c)  If  there  is  gasoline  in  the  carbureter,  take  out  one  of  the 
spark  plugs  and  lay  it  on  the  engine  with  the  sparking  points  in 
the  air  but  with  the  threaded  part  in  contact  with  the  engine 
frame.  Turn  the  engine  over  by  hand  or  the  starting  motor,  and 
if  there  is  a  spark  produced  at  the  plug  gap,  the  trouble  is  not  in 
the  electric  system  but  probably  due  to  poor  gasoline,  water  in  tha 
gasoline  or   the  temperature  may  oe  too  low  for   the   grade   of 

(d)  If  the  same  battery  is  used  for  the  starting  motor  and  igni- 
tion and  there  is  very  little  charge  in  the  battery,  the  battery  may 
not  be  strong  enough  to  produce  a  spark  of  sufficient  intensity  at 
the  same  time  that  the  starting  motor  is  drawing  current  to  turn 
the  engine  over.  Often  time  in  such  cases  the  engine  may  be 
started  by  hand,  thus  preventing  an  excessive  draw  on  the  battery. 

If  no  spark  is  produced  whe£  you  try  test  e  and  the  battery  is  not 
discharged,  as  indicated  by  tests  in  d  above,  then  make  the  follow- 
ing tests  to  try  and  locate  the  difficulty: 

(a)  Observe  the  voltmeter  indication,  and  if  with  the  engine  idle 
it  indicates  less  than  11  volts  when  the  lights  are  turned  off,  the 
battery  is  run  down. 

(b)  If  the  lights  do  not  burn  when  they  are  turned  on,  there  is 
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'  probably  &  loose  eonnection  in  one  of  tbe  wirea  from  the  battery. 
(e)  If  the  lights  do  bnrn  when  they  are  turned  on,  try  turning 
the  ignition  switch  "off"  and  "on"  several  times  and  then  test 
for  ignition  spark  again.  If  the  ignition  now  is  found  to  be  all 
right,  there  was  a,  poor  contact  at  the  switch. 

(d)  If  these  tests  and  auggestione  do  not  remedy  the  difficulty, 
there  may  be  a  loose  connectiou  or  broken  connection  in  the  vari- 
ous wires  running  to  the  ignition  switch  or  in  the  low-tension 
wires  running  to  the  ignition  unit. 

(e)  If  the  switch  wires  and  all  connections  are  found  in  good 
order,  remove  the  distributor  plate  and  see  that  both  brushes  are 
free  in  their  holder  and  making  good  contact.  Clean  the  brushes 
and  contai'ts  inside  the  distributor  plate  and  try  again  for  the 

(f )  If  these  tests  have  not  yet  remedied  the  difficulty,  raise  the 
interrupter  cover  and  see  that  the  interrupter  contacts  touch  and 
separate  properly  when  the  segments  come  in  contact  with  the 
fiber  bumper.  If  these  contacts  do  not  close,  if  they  appear  to  be 
dirty  or  if  they  separate  more  than  .008  inch,  they  should  be 
adjusted. 

It  sometimes  happens  that  the  engine  is  firing  on  all  cylinders, 
yet  it  does  not  develop  its  usual  amount  of  power.  The  difficulty 
is  more  than  likely  due  to  the  spark  being  retarded  too  much,  or 
too  rich  a  mixture  of  gasoline. 

If  the  engine  misfires  on  certain  cylinders  at  all  speeds,  the  fol- 
lowing tests  should  be  made  to  determine  the  difficulty: 

(a)  Disconnect  the  spark  plug  terminal  of  any  one  of  the  cylin- 
ders that  misfires  and  bold  the  end  of  the  terminal  about  ^  inch 
from  the  engine  cylinder  but  not  quite  in  electrical  contact,  while 
the  engine  is  turned  over.  If  a  spark  occurs  in  the  gap  between 
the  end  of  the  wire  and  the  cylinder,  the  trouble  is  not  due  to 
the  electric  system  being  out  of  order  but  in  the  spark  plug,  valves 

(b)  If  DO  spark  is  produced  after  tbe  above  tests  are  made, 
examine  the  spark  plugs  of  the  cylinders  that  are  missing  to  see 
that  they  are  cleaned,  the  insulator  is  not  cracked  and  that  the 
gap  is  adjusted  properly. 

(c)  If  no  spark  is  produced  while  making  tests  in  (a)  the  diffi- 
culty may  be  due  to  the  high-tension  lead  from  the  distributor  ter- 
minal to  the  spark  plug  being  broken,  the  connector  at  the  dis- 
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tribntor  may  be  loose,  the  wire  may  be  bare  and  touching  some 
metal  part  of  the  frame  or  engine. 

The  engine  maj  misfire  at  either  high  or  low  speeds  only  and  In 
Buch  cases  the  dlfSeult^  is  probably  due  to  the  following  caases. 
If  it  miafireH  at  low  speeds,  the  carbureter  is  more  than  likely  out 
of  adjustment;  the  plugs  may  be  fouled,  or  the  interrupter  con- 
tacts may  be  a  little  dirty.  When  the  engine  misfires  at  high 
speeds  only,  the  carbureter  adjustment  la  feeding  too  rich  a  mix- 
ture into  the  cylinders,  or  the  interrupter  contacts  may  be  too  far 

Back-firing  of  the  engine  is  not  always  due  to  the  ignition  sys- 
tem but  may  be  caused  by  the  spark  being  advanced  too  far  or  the 
engine  being  out  of  time. 
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Heinze-Springfield  System  for  Fords 

THE  Heinze-Spriugfleld  etarting  and  lighting  syatem  for  the 
Ford  ear  is  o(  the  two-unit,  6-volt,  single-wire  type-  The 
generator  and  motor  are  mounted  on  a  special  bracket  attached 
to  the  left-hand  aide  of  the  engine,  the  generator  being  below 
the  motor.  The  generator  is  driven  by  a  silent  chain  which 
runs  over  sprockets  on  the  crankshaft  of  the  engine  and  gen- 
erator shafts  respectively.  The  motor  is- geared  to  the  engine, 
when  used  in  starting,  by  a  Bendix  drive,  the  pinion  of  which 
meslica  with  a  large  gear  on  the  generator  shaft  and  the  same 
Hilcnt  chain  that  is  used  in  driving  the  generator.  One  type 
of  generator  has  a  bucking  field  type  of  regulation  and  another 
type  has  electromagnetic  regulation. 

Preparation  of  Engine  fcM*  Mounting 

Before  dismantling  any  part  of  the  ear,  cheek  over  the  bill 
of  material  to  make  sure  that  every  part  is  on  hand  Adjust 
the  Ignition  and  carbureter  so  that  the  engine  is  running 
smoothly  Bemove  the  following  parts,  observing  the  precau 
tions  mentioned  Disconnect  the  radiator  by  removing  bolts 
on  lach  side  remove  the  rod,  water  connections  to  engine  and 
wires  to  the  hiadlights  The  water  outlet  pipe  should  be  dia 
coDDected  from  the  hose  after  the  radiator  has  been  removed 
and  di-jtarded  Bcmovo  the  fan  and  starting  crank,  fan  belt 
and  fan  bracket  Bcmo\  e  the  fan  pulley  from  the  crankshaft 
and  discard  the  pulley  and  pin  and  cotter  pins  Next  remove 
the  timer,  or  commutator,  and  distonnect  the  rod  from  the 
timer  case  Place  the  commutator  case  back  along  the  side 
of  the  engine  after  it  is  removed  but  do  not  disconntct  thi, 
wires  Remove  lommntator  brush  assembly,  after  noting  care 
fully  the  exart  position  of  the  brush,  and  do  not  turn  the  engine 
over  while  the  brush  is  removed      If  the  brush  is  replaced  care 
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fDll7  in  its  original  poBition  when  leaBSembling,  the  timing  of 

the  engine  will  not  be  alteied. 

The  timing-gear  cover,  or  cylinder  front  cover,  now  should 
be  removed,  retaining  all  the  bolta,  the  nuts,  the  gaakets  and 
the  cotter  pins  for  replacement  in  mounting  the  main  bracket 
plate  supplied  as  part  of  the  Eeinze- Springfield  equipment. 
It  ia  necessary  to  remove  the  felt  washers  around  the  open- 
ings in  this  timing-gear  cover  for  the  crankshaft  and  camshaft 
and  place  them  in  the  corresponding  openings  in  the  new  bracket 
plate  which  is  to  take  the  place  of  the  cover.  If  the  car  has 
seen  considerable  service,  itja  advisable  to  replace  these  wash- 


ers  with  new  ones  to  prevent  a  leakage  of  oil  from  the  crankcase. 

Secure  the  Heinze- Springfield  water-outlet  header,  A  in  Fig. 
68,  in  place  on  the  cylinder  head  casting,  using  the  original  Ford 
bolts  and  gasket.  Place  the  fan-belt  tightener,  A  in  Fig.  59, 
with  the  nose  away  from  the  large  gear  housing,  in  the  slide 
provided  for  it  on  the  main  bracket  plate  B.  Remove  the  fan 
adjusting  screw  and  locking  nut  from  the  Ford  cylinder  front 
cover  and  use  same,  together  with  the  two  lock  washers,  C,  and 
plain  washers,  D,  to  secure  this  tightener  as  shown  in  Fig.  59.  Set 
the  main  bracket  plate  in  position  on  the  Ford  engine,  and  bolt 
securely  in  place,  using  the  original  Ford  paper  gasket,  cap 
screws,  bolts,  nuts  and  cotter  pin.  Be  sure  to  tighten  aU  bolts 
securely  to  prevent  oil  leaks.    Then  bolt  the  main  bracket  plate 
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C  to  the  water  outlet  header  A,  using  the  two,  3,  bolts,  1,  lock  wash- 
ers and  2,  plain  washers  as  shown  in  Fig.  5S.  The  commutator 
brush  aaaemblj  and  commutator  now  may  be  replaced,  taking 
particular  care  to  put  them  back  in  their  original  position.  Con- 
nect the  commutator  advance  rod  back  in  position. 

Inttalling  the  Electrical  Unib 

The  combined  generator  and  starting  motor  unit  should  be 
placed  in  position  on  the  main  bracket,  plate  C,  with  the  chain 
adjusting  stud  D  in  place  on  the  electrical  unit,  as  shown  in 
i'ig.    58.      The    chain    adjusting    stud    D    shonld    rest    freely    in 
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the  bottom  of  the  slot  at  the  top  of  tho  main  bracket  plate  C. 
Assemble  on  this  chain  adjusting  stud  D,  plain  washer,  4,  lock 
washer,  5,  nut,  6,  and  screw,  7.  Be  sure  that  the  shoulder  of  the 
chain  adjusting  stud  D  is  turned  up  tight  against  combined  head 
E.  Place  the  lower  adjusting  bolt  F  in  the  slot  provided  for  it  on 
the  main  bracket  plate  C.  A  lock  washer,  5,  and  nut,  S,  are  pro- 
vided for  this  bolt,  and  they  should  be  placed  in  their  respective 
positions.  Do  not,  however,  tighten  either  the  upper  or  lower 
chain  adjusting  bolta  at  this  time. 
While  the  electrical  unit  is  mounted  loosely  in  place,  the  chain 
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■  may  be  installed  in  the  following  maoner.  Placp  the  generator 
shaft  spacer  O  and  the  Woodruff  key,  9,  on  tbe  generator  shaft, 
Fig.  SS,  Also  place  the  gear  and  sprocket  asaembly  H  on  the  gen- 
erator shaft,  BO  that  the  largo  gear  is  on  tlic  inside  toward  tho 
naain  bracket  plate  C.  Place  tho  chain  I  around  the  crankshaft 
sprocket  J,  and  also  place  the  chain  around  the  small  sprocket  now 
on  the  generator  shaft,  taking  particular  care  that  the  open  side 
of    tho    crankshaft    sprocket    is 

toward    tho    front    of    tbe    ear.  fUl 

With  the  two  sprockets  and  chain 
in  this  positioD,  slide  tbe  crank- 
shaft sprocket  J  and  gear  and 
sprocket  asBembly  H  into  place  on 
the  crankshaft  and  tbe  generator 
shaft  respectively,  taking  care 
that  the  starting-pin  hole  in  both 
the  crankshaft  and  crankshaft 
sprocket  are  in  alignment.  In- 
sert the  starting  pin  A,  Fig.  SO, 
with  the  counter  bore  for  the 
cotter  pin  toward  the  front  of 
the  car.  Tbe  holes  in  the  start- 
ing pin  arc  to  align  with  tbe 
boles  in  the  rear  wall  of  tbe 
crankshaft  sprocket.  When  tho 
two  cotter  pins,  B,  are  in  place,  it  is  necesBary  that  their  ends  be 
bent  over  against  the  rear  face  of  the  crankshaft  sprocket  while 
they  are  held  wp  tight  in  the  holes.  Unless  they  are  fastened  in 
this  manner,  which  permits  no  end  movement,  their  ends  are  liable 
to  be  broken  off  and  allow  the  starting  pin  to  come  out,  which  would 
result  in  very  serious   damage  to  the  entire   system.     Tighten  the 

chain  by  the  flUistcr  head  cap  screw,  7,  in  the  upper  chain  adjusting 

stud  D,  Fig.  58,  until  it  is  reasonably  tight  and  securely  lock  the 

unit  in  position  by  the  holding  stud  nut,  6. 
The  chain  cover  L,  I^g.  S8,  next  is  to  be  placed  in  position  and 

should  be  fastened  with  cap  screw,  II,  and  lock  washers,  12,  to  the 

bracket  plate. 
Place  one  of  the  fan-belt  guards  M  on  the  generator  shaft,  with 

the  three  projections  toward  the  front  of  the  car,  then  assemble 

the  fan-belt  pulley,  N,  against  this  guard  and  complete  fan-belt- 


Fig.  81 — Special  fan 
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pnlley  aBsembly  with  the  other  fan-belt  guard  0,  this  time,  how-. 
ever,  placing  the  three  pro,iection»  toward  the  rear  of  the  car. 
This  sasembl7  should  be  locked  securely  to  the  generator  shaft 
by  the  use  of  the  plain  washer,  4,  the  castellated   nut,  12.     The 


cotter  pin,  13,  then  must  be  placed  through  the  end  of  this  shaft 
to  lock  this  nut. 

Next  install  the  motor  rear  stiffening  bracket  P,  Fig.  58,  aa 
follows:  Bolt  the  bracket  P  loosely  to  the  cylinder  head  with  the 
bolt  taken  out  anil  also  start  the  bolt,  3,  Fig,  58,  fastening  the 
bracket  to  the  motor  brush  head,  but  do  not  tighten.    First  tighten 
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the  bolt  on  the  cjlinder  head,  thua  connecting  the  bracket  rigidly    , 
to  the  Ford  engine.     Then  tighten  the  bolt  eecuring  tlie  bracket 
to  the  motor  brush  head.    Do  not  be  afraid  to  file  the  bracket  ho 
it  wUl  fit. 

Assemble  tke  two  half  pulleys,  A  in  Fig.  61,  over  the  Pord  fan 
pulley  and  fasten  them  in  place.  With  this  new  fan  pulley  the 
belt  will  run  closer  to  the  blades  than  before.  Hount  the  fan  in 
position  on  the  main  bracket  plate  C,  Fig.  58,  using  the  original 
Ford  screw,  and  adjuat  the  fan  belt  B,  over  the  two  pulleys  to  the 
proper  tension. 

The  Bendiz  drive  now  should  be  installed  on  the  motor  shaft  bb 
shown  in  Fig.  58.  Bemove  the  drive  bolt  of  the  Bendix  unit  and 
place  the  latter  on  the  stSTting-motor  shaft;  then  replace  the 
drive  bolt  through  the  hole  in  the  end  of  the  shaft;  and  secure 
it  by  the  lock  washer  and  nut,  taking  care  to  bend  the  small  pro- 
jection on  the  special  Bendix  lock  washer  agaiuat  the  side  of  the 
nut.    A  view  of  the  completed  installation  is  shown  in  Fig.  62. 

Before  reasBembling  the  radiator,  put  back  the  hand  starting 
crank  as  it  was  originally,  and  turn  the  engine  over  several  times 
to  aee  that  everything  turns  free.  Solder  one  end  of  the  head- 
light ground  wire  to  the  inside  face  of  the  radiator,  bringing 
the  wire  out  through  the  holes  provided  for  the  headlight  wiring, 
.  and  be  sure  to  allow  sufficient  wire  to  reach  to  the  lamp  sockets. 
Next  replace  tile  radiator,  and  turn  the  fan  over  slowly  by  hand 
to  determine  whether  the  blades  interfere  with  anything  at  all. 
Secure  the  water  connections  and  reSll  the  radiator. 

Initallation  of  Switch  and  Waring 

Bemove  both  the  front  and  rear  floor  boards  from  the  ear. 
About  an  inch  to  the  right  of  where  the  steering  post  goes  through 
the  dash,  there  is  a  hole  in  the  toe  board,  which  originally  was 
provided  for  the  Ford  horn  cable.  Bemove  the  toe  board  and 
enlarge  this  hole  to  about  1^  inches,  which  will  be  used  to  bring 
the  wiring  through  to  the  switch.  Bemove  the  Ford  magneto-to- 
coil  wire,  which  runs  from  the  Ford  magneto  to  the  Ford  coil,  and 
discard.  Remove  the  present  Ford  aw  itch-to-terminal  wire,  which 
runs  from  the  Ford  lamp  switch  to  the  magneto  terminal  on  the 
coil,  and  discard.  Bemove  all  the  present  Ford  headlight  wiring, 
and  discard. 

Take  the  complete  wiring  assembly  as  shipped  in  the  I3-iaeh 
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length  of  circular  loom,  and,  with  the  switch  mounted  in  the  switch 
bracket  connect  the  Tarions  wires,  being  very  careful  to  assemble 
the  proper  terminals  on  the  proper  posts  as  follows.  Figs.  63  and 
64.  Connect  one  large  wire  with  terminal  marked  S  M  on  the  pOBt 
marked  S  M;  one  large  wire  with  terminal  marked  S  B  on  the  post 
marked  S  B.  There  remains  four  small  wires  with  terminals 
marked  C,  tS,  L  and  G  N  whieh  are  to  be  placed  under  the  henda 
of  the  spring-terminal  posts  bearing  the  earreaponding  letters. 
The  spring- terminal  marked  A  M  is  for  the  ammeter  only. 

3j  the  two  switch  bracket  clampa,  fillister  heads  screws  and 
lock  waahers,  fasten  the  switch  to  the  dash  of  the  car  slightly  to 
the  left  of  the  steering  post  in  such  a  position  that  the  hole  in 
the  end  of  the  stay  rod  will  line  up  with  the  Pord  body  bolt.  Re- 
move nut  from  this  bolt  and  clamp  the  stay  rod  securely  in  place. 

These  instructions  for  mounting  the  switch  on  the  dash  apply 
to  the  runabout  and  toliring  cars,  and  the  following  instructions 
should  be  followed  in  the  case  of  the  scilan  or  coupclet.  By  three 
round  head  blued  wood  screws  fasten  the  switch  to  the  dash  of  the 
car,  slightly  to  the  left  of  the  steering  post  in  such  a  position  that 
the  hole  in  the  end  of  the  stay  rod  will  line  up  witi  the  Ford  body 
bolt.  Bemove  the  nut  from  this  bolt  and  clamp  the  stay  rod 
securely.  The  stay  rod  is  supplied  only  for  sedans  and  coupelet 
and  must  be  so  specified  when  ordering. 

Extending  through  the  13-inch  piece  of  circular  loom  are  two 
wires,  one  end  of  each  being  connected  to  the  spring  terminals 
C  and  M,  Pig.  63,  on  the  back  of  the  switch.  Connect  the  wire 
from  the  terminal  C  to  the  magneto  terminal  on  the  Ford  coil  box, 
and  connect  the  wire  from  the  terminal  M  to  the  magneto  contact 
on  the  fly  wheel  houaing.  These  two  terminals  formerly  were 
connected  directly  together  by   the  magneto-to-coil  wire. 

On  the  back  of  the  switch  the  spring  terminal  marked  0  N 
is  to  be  connected  to  the  upper  generator  brush  by  the  special 
braided  wire.  This  is  a  special  resistance  wire,  and  no  other 
should  be  substituted.  The  heavy  wire  connected  to  the  post 
marked  S  M  on  the  back  of  the  switch  should  have  its  other 
end  connected  to  the  upper,  or  positive,  brush  of  the  starting 
motor.  The  wire  connected  to  the  spring-terminal  post  marked 
L  is  to  be  connected  to  the  headlights  and  taU  light.  This  wiro 
should  be  secured  to  the  car  frame  at  several  convenient  points 
to   keep   it   free   from   oil   and   prevent   chafing   and   consequent 
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grounding  of  the  lighting  circuit.  Wires  are  provided  for 
grounding  one  side  of  each  of  the  headlighta  and  the  tail  light. 
When  single  contact  lamps  are  used  or  if  the  socket  is  grounded, 
these  ground  wires  are  not  required.  The  internal  counectiona 
of  the  system  given  in  Fig.  63  is  shown  in  Fig.  64. 

Battery  Initallation  and   Coiinection 

The  battery  box  should  be  installed  on  the  right-hand  run- 
ning board,  midway  between  the  front  and  rear  fenders,  particu- 
lar attention  being  taken  to  see  that  it  does  not  interfere  with 
the  operation  of  the  doors  and  at  the  same  time  offers  a  mini- 
mum obatrnetion  to  getting  in  or  out  of  the  car.  In  the  bottom 
of  the  battery  bos  are  six  holes,  the  four  inside  holes  being  pro- 
vided for  the  four  carriage  bolts  to  hold  the  battery  box  on  the 
running  board  and  the  two  outside  holes  for  the  two  battery 
hold-down  rods  which  hold  the  storage  battery  securely  in 
place.  Six  corresponding  j^-incb  holes  must  be  drilled  in  the 
running  board  to  agree  with  these  six  boles  in  the  bottom  of 
the  battery  box.  Place  the  two  wooden  pads  inside  the  battery 
box  and  the  two  steel  pads  under  the  running  board,  and  clamp 
them  all  together  by  the  carriage  bolts.  Place  the  storage  bat- 
tery in  the  box,  with  the  positive  terminal  toward  the  rear  of 
the  car,  and  fasten  it  in  place  by  the  hold -down  rods,  which 
are  hooked  over  the  bandies  and  bolted  on  the  under  side  of  the  ' 
running  board.      After  yon   have   done  this  proceed  as  follows. 

At  a  point  midway  between  the  two  wire  holes  in  the  battery 
box,  pry  down  a  part  of  the  running-board  apron,  or  splash  ' 
board,  with  a  large  screwdriver  or  pinch  bar,  to  provide  sulB- 
cient  space  between  the  upper  edge  of  the  running-board  apron 
and  the  bottom  of  the  body  for  the  4-inch  piece  of  circular  loom 
through  which  the  battery  cables  are  to  pass. 

Bemove  the  upper  right-hand  bolt  holding  the  transmission 
ease  cover  in  place  and  assemble  under  this  bolt  the  starting- 
cable  clamp.  From  the  post  marked  S  B  on  the  back  of  the 
switch.  Fig.  63,  run  the  positive  battery  cable  to  the  battery, 
placing  it  under  the  starting-cable  damp,  already  mounted  on 
the  transmission  case.  Pass  the  cable  through  the  circular  loom 
placed  between  the  running-board  apron  and  the  bottom  of  the 
body  through  the  hole  in  the  battery  box  to  the  positive  terminal 
of  the  battery.     Do  not  fasten  this  terminal  to  the  battery  until 
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the  instatlation  ia  all  complete  and  yon  are  ready  to  teat  (or" 
Hhorta  aad  grounds. 

Remove  the  two  lowest  bolts  from  the  trauamiBaioii  ease 
cover,  and  clean  the  transmission  caae  cover  at  this  point  with 
II  piece  of  sandpaper  or  emery  cloth  to  insnre  a  good  electrical 
eontact  at  this  point.  Under  these  bolt  heads  assemble  the 
brass  ground  atrip  attached  to  the  piece  of  heavy  cable.  Bun 
the  other  end  of  this  piece  of  cable  through  the  short  piece 
of  circular  loom,  through  the  hole  in  the  battery  box  to  the 
negative  terminal  of  the  storage  battery  and  fasten  it  aeeurely 
to  the  battery  terminal.  .  With  all  switches  open  touch  the 
positive  battery  cable  to  the  battery  terminal,  and  if  no  spark 
occurs  when  this  contact  is  broken,  make  the  connection  per- 
manent. If  a  spark  occurs  locate  the  trouble  before  making 
a  permanent  connection. 

Dash  Switch  and  Horn 

The  dash  switch  is  designed  to  control  cranking,  lighting  and 
ignition.  It  also  embodies  a  mechanical  cutout,  which  opens  the 
circuit  when  the  engine  is  stopped,  preventing  a  discharge  of  the 
battery  through  the  generator  wfnding.  The  button  in  the  center 
of  the  switch  tontrola  the  cranking  motor,  and  the  switch  rotates 
and  makes  the  following  connectiona:  First,  ignition  on,  lights 
off;  second,  ignition  on,  lights  dim;  third,  ignition  on,  lights 
bright;  fourth,  ignition  on,  lights,  dim;  Slth,  all  circuits  open. 

When  the  switch  is  in  the  position  of  lights  dim,  ignition  off, 
or  in  the  oS  postion,  the  staiting  button  is  locked,  and  the 
remainder  of  the  awitch  may  be  locked,  to  prevent  cranking 
with  the  ignition  oS  and  also  to  prevent  tampering.  The  switch 
must  always  be  in  an  oS  position  when  the  engine  is  stopped, 
otherwise  the  battery  will  discharge  through  the  generator  wind- 
ing. The  Ford  ignition  switch  should  be  placed  in  the  on  position 
and  allowed  to  remain  ao  at  all  times.  The  cowl  light  is  controlled 
by  turning  the  lever  on  the  side  of  the  light  itself.  The  dim- 
ming of  the  lights  is  accomplished  by  placing  a  resistance  in 
series  with  the  lamps. 

The  horn  equipped  on  the  I'ord  car  is  operated  by  alternating 
current  supplied  by  the  Ford  magneto.  This  horn,  however,  may 
be  nsed  without  interfering  in  any  way  with  the  Heinze- Spring- 
field equipment,  but  it  cannot  be  operated  by  the  storage  bat- 
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tery  The  user,  if  desired,  mav  install  a  direct  current  horn, 
which  can  be  operated  from  tho  battery  and  shoulil  be  cannoLted 
as  flhown  in  Figa   63  and  64 

Place  the  spark  and  throttle  levers  in  the  usual  starting  posi 
tion,  ind  be  sure  the  brake  leier  is  in  the  proper  poHition  so  the 
engine  is  not  connected  meihinicallv  to  the  rear  axle  Depress 
the  starting  button  in  the  center  of  the  combination  B\Mtch,  and 
the  motor  shouU  start  to  re\ohe  The  rotation  of  the  motor 
armature  will  cause  the  Bendm  drive  pinion  to  be  earned  along 
the  threaded  shaft  upon  which  it  is  mounted  until  it  engages  the 
teeth   on   the   lirge   driving   gear   in  Mg    62      After   thu   pinion 


Fig.  65— JfeiftDd  of  grounding  one  a}  the 

and  gear  are  engaged  the  starting  motor  is  connected  mechanic 
ally  to  the  engine  and  will  tause  tho  trankshaft  to  rotate  If 
the  engine  does  not  start  in  a,  fiw  setind",  stop  the  starting 
motor  and  prime  the  cjhnders,  or  the  choking  device  may  be 
used  with  the  starting  motor  in  operation  Should  the  engine 
still  fail  to  start,  investigate  the  eau<<e,  as  otherwise  the  bat 
tery  will  be  exhausted  needlessly  Frequent  discharging  of  the 
storage  battery  in   this  wav  ^ery  apprecnbly   shortens  its  bfe 

When  the  awitch  is  thrown  to  any  "ignition  on"  position  the 
ammeter  should  show  a  disi-hargc  of  14  to  20  amperes.  As  the 
engine  begins  to  rotate  the  ammeter  needle  will  swing  toward 
the   right,   indicating  that   the   generator  is   operating   properly. 

The  ball  bearings  on  which  the  armature  of  the  generator 
rotates  should  be  oiled  with  a  light  non-acid  oil  about  every  400 
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miles.  The  motor  armature  rotates  on  two  white  metal  hearingB 
and  these  should  be  oiled  at  the  same  time  the  generator  hear- 
ings are  oiled.  Be  careful  in  oiling  the  bearings  not  to  allow 
any  dirt  to  enter  with  the  oil  as  this  would  cause  the  bearings 
to  grind.  Thu  Bendix  drive  ahould  never  be  oiled.  All  grease 
and  dirt  which  may  accumulate  should  be  wiped  o£E  occasionally 
and  the  threads  thoroughly  cleaned  with  kerosene. 

When  the  system  first  is  installed  the  chain  should  be  ad- 
justed fairly  tight,  and  the  chain  should  be  examined  through 
the  holes  in  the  chain  cover  after  the  car  has  been  run  about 
100  miles.  The  chain  doubtless  will  be  loose  and  should  be 
tightened,  and  this  inspection  and  adjustment  repeated  about 
every  300  or  400  miles.  The  chain  may  be  tightened  by  first 
loosening  the  motor  stiffening  bracket  at  3,  Fig.  58,  and  also  the 
upper  and  lower  locking  nuts,  6.  By  turning  the  fillister  head  cap 
screw,  7,  which  is  mounted  in  the  chain  adjusting  stud  D,  tighten 
the  chain  to  the  proper  tension  aad  lock  the  unit  in  place  by  tight- 
ening the  upper  and  lower  locking  nuts  and  the  stiffening -bracket 
b  It 

R  611  th      t      g    b  tt    y     b     t  a  w    k,  especially  dnring 

th  th   d    t  II  d  w  t  I     p    t   the  terminals   occa- 

61       Uy       d  k     p  th        tl  ghl       1     n  f  om  any  corrosion  of 

a  J   k    d.     B  king      d         d  w  J  y  b     used  in  cleaning  the 

t        in  1      a      t        11  t    a  t   Ih     a    d        Do   not   allow   the 

btt         ttd  digd         dt,   especially   in   cold 

wth        at  ylklytf  and  burst  or  crack  the 


Adjiuting  Generator  Output 

The  regulation  of  the  cutout  of  model  33  generator  is  ac- 
complished by  a  reversed  or  differential  scries  field.  The  mag- 
netic action  of  this  series-field  winding  opposes  the  magnetic 
action  of  the  shunt  field  winding  and  thus  prevents  the  output 
increasing  with  increase  of  engine  speed  as  rapidly  as  it  would 
if  this  action  were  not  present.  Sometimes  it  is  necessary  to 
increase  the  output,  or  charging  rate,  and  this  can  be  done  by 
shunting  or  by  passing  part  of  the  current  out  of  the  series 
field  winding  and  thus  causing  less  magnetic  opposition  to  the 
shunt  field  winding.  One  end  of  the  series  field  is  grounded 
and  the  other  end  is  connected  to  the  lower  brush  holder  on  the 


96  AUTOMOBILE  ELECTRICAL  SYSTEMS 


HEINZE-aPEINGPIELD  SYSTEM  FOE  F0ED8  97 

generator,  whii;h  ia  the  bottom  machine.  Bj  gTounding  the 
lower  brush  holder,  both  erids  of  the  aeries  field  will  be  con- 
nected to  the  frame  of  the  machine,  permitting  the  greater 
part  of  the  current  to  pass  through  the  frame.  The  eonnec-  . 
tians  of  the  Bcries-field  winding  are  shown  in  Fig.  64. 

The  brush  may  bo  grounded  as  follows:  Eemove  the  bmBh 
cover  and  the  bruah  screw,  7  x  13,  Fig.  65,  with  the  metal 
and  fiber  washers,  2x6,  and  2  x  10,  respectively.  Now  re- 
move the  fiber  washer,  2  x  10,  from  the  screw  and  replace  the 
screw,  7  x  13,  and  metal  washer,  2x8,  screwing  same  down 
tightly.  If  all  other  conditions  are  normal  the  charging  rate 
should  be  increased  from  5  to  10  amperes. 

The  wiring  diagram  given  in  Fig.  66  shows  a  generator 
equipped  with  an  electromagnetic  cutout  and  having  electro- 
magnetic regulation.  The  internal  connections  of  this  system 
are  shown  in  Fig.  67.  If  jou  are  convinced  that  the  trouble 
you  are  having  is  in  the  regulator  its  adjustment  may  be  taken 
care  of  as  follows:  Connect  a  reliable  ammeter  in  series  with 
the  ammeter  installed  on  the  cowl  board  to  be  used  in  checking. 
Looking  at  the  regulator  from  the  side  on  which  the  wires  are 
connected  to  the  terminals,  the  set  of  silver  contact  points  on 
the  near  side  are  for  regulating  the  value  of  the  charging  cur- 
rent from  the  generator;  these  points  are  called  the  regulating 
contacts.  The  other  set  are  the  cutout  contacts,  which  close  and 
open  the  circuit  between  the  generator  and  the  battery.  First, 
make  sure  that  the  two  sets  of  contacts  are  clean  and  smooth; 
second,  determine  if  the  regulating  contacts  are  closed.  If  these 
contacts  are  not  closed,  bend  down  slightly  the  ear  on  the  thin 
brass  plate  to  which  the  flat  steel  spring  is  attached.  The  cut- 
out  contacts  should  have  enough  spring  tension  to  make  them 
stand  open  when  the  engine  is  not  running,  and  the  spring 
tension  should  be  so  adjusted  that  when  the  engine  is  running 
at  a  speed  equivalent  to  7  or  8  miles  per  hour  the  contacts  will 
elose,  and  the  ammeter  should  indicate  a  charge.  If  ammeter 
shows  discharge  when  contacts  close,  it  is  an  indication  the 
contacts  are  closing  too  soon  and  the  spring  tension  should  be 
increased. 

The  regulator  contacts  are  adjusted  by  bending  the  ear  of 
the  thin  brass  supporting  plate  to  which  the  flat  spring  is  at- 
tached. To  increase  the  current  output  of  the  generator,  bend 
down  the  thin  brass  plate,  and  to  decrease  the  current  bend  the 
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tbin  brass  plate  upward  In  tlie  majority  of  caaes,  if  the  regu 
lator  la  so  adjuated  that  IS  amperes  ii  the  greatest  cuneat  the 
generator  w  ill  deln  er,  sitiofactorj  results  will  be  obtained 
In  some  extreme  eases  the  rate  may  haie  to  te  increased  to  aa 
much  as  20  amperea 

These  anggestiona  apply  to  the  model  33  generator  mith  a 
bucking  field  regulation  If  the  type  of  generator  having  olee 
tromagnetio  regulation  la  used,  the  following  auggestiona  ahould 
be  observed  in  addition  to  the  above  Inspect  the  cutout  to  aee 
that  it  opens  and  closes  the  circuit  at  the  proper  tirae  so  that 
the  battery  immediately  starts  to  charge  as  soon  as  the  circuit 
clows  and  the  rate  of  distharge  lust  before  the  cutout  opens 
should  not  exceed  two  amperea  The  regulator  should  be  in 
speeted  occasionally  to  see  that  its  contaits  are  clean  and  that 
the  batterj  is  bting  charged  at  the  proper  rate 
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Locating  Troubles 

'Battery  discharged 
Shorted  cell 
Dirty  or  rusty  Bendix 
Broken  Bendiic  spring 
Short  or  open  in  fielila 
Short 
Short 
■  Short 
Short 
Short 


open  in  connection 

open  in  switch 
Weak  springs 
Brush  c  a  burnt 
Bruahes  aliort 
Water  or  oil  aoaked 
Battery  gravity  low 
Loose  or  corroded  terminals 
Cold  weather 

High  resistance  at  brush  contacts 
Starting  switch  making  poor  too- 

Spring  tension  weak  '••  ;  • 

Brushes  not  fitted  to  commutator* 
Pig  tails  loose 
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Mghta  Dim- 
Battery  Low 

Lights  Dim — 
Engine  Bunning 

Flickering  Lights 


ruuuiug 


{Internal  leakage 
External  leakage 


■j^  Battery  sulphated 


{Qenerator  inoperative 
Looae  connectiona  in  wiring 


{Wrong  voltage  of  lampa 
Poor  ground — wire  too  small 

■poor  ground 

Carbon  dust — ground 

Binding  or  twisted 

Too  short  or  twisted 

Not  fitted  to  commutator 

Poor  tension  on  springs 

Pig  tails  loose 

High  resistance  contacts 

Open 

Shorted 

Chafed 

Loose  connections 

Poor  ground 

Oil  or  water  soaked 

'Oit  or  grease  on  commutator 
High  commutator  bars 
liOW  tommutator  bars 
Shorted  commutator  bars 
Poor  soldering  of  Gars 
Shorted  coils 
Open  coils 
Armature  rubbing  poles 

{Generator  lead  grounded 
Positive  brush  grounded 
Brushes  not  seated  on  commutator 
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CHAPTER  VI 
Everready  System  for  Fords 

THE  Ererread;  starting  and  lighting  sjetem  for  the  Pord  car  Is 
a  single-unit,  Biugle-wire,  12-volt  s^Btem.  The  eombined  gen- 
erator and  starting  motor  unit  is  mounted  on  a  bracket  attached 
tc  the  front  of  the  car,  and  the  shaft  of  the  unit  assumeH  the  poai- 
tion  normally  occupied  by  the  hand  crank.  The  mechanical  con- 
nection between  the  shaft  of  the  electrical  unit  and  the  crank- 
shaft of  tile  engine  is  so  constructed  that  the  araiatnre  is  driven 
at  engine  speed  when  the  unit  is  acting  as  a  generator,  and  the 
armature  rotates  i  3  times  as  fast  as  the  crankshaft  of  the  engine 
when  the  un  t  is  being  operated  as  a  starting  motor  The  starting 
switch  IS  mounted  in  the  housing  of  the  unit  and  is  operated  elec 
tr  cally  hy  an  electromagnet  mh  ch  in  turn  s  ene  gized  by  moving 
the  spark  le  er  on  the  steer  ng  column  to  a  full  retard  pos  t  an 
thns  clos  ng  the  c  cu  t  of  the  electromagnet  at  a  s^e  al  sw  t  h 
mounted  on  the  steer  ng  column 

The  operat  on  of  the  sta  t  ng  sn  t  h  clo  es  the  ser  es  e  reu  t 
through  the  ele  tr  cal  un  t  opens  the  shunt  e  u  t  of  the  gener 
ator  held  and  also  pulla  a  paw!  nto  engageme  t  w  th  the  ratchet 
teeth  ar  anged  around  the  outs  de  of  the  gea  ase  th  s  cauB  ng 
the  unit  to  act  as  a  start  ng  moto  and  connectel  to  the  engine 
w  th  a  reduct  on  of  4  3  to  1  As  soon  as  the  p  essu  e  s  emoved 
from  tl  e  retarded  spark  lever  the  c  u  t  of  the  sta  t  ng  sw  tch 
electromagnet  s  broken  the  se  es  connect  on  s  b  oken  the  pawl 
IS  removed  from  engagement  anl  the  ahunt  field  w  nd  ng  is  con 
nected  When  the  engine  rea  hes  a  speel  equ  valent  to  approzi 
mately  11 1>  m  les  pe  hour  on  h  gh  gear  the  cutout  w  11  close  and 
eonne  t  the  generator  to  the  battery  wh  ch  should  mmed  atcly 
start  to  charge  The  cutout  is  located  ns  de  the  bona  ng  of  the 
electr  cal  n  t  \  separate  set  of  brushes  s  prov  ded  for  the 
generator  and  motor  fuuct  ons 
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Inrtalling  Starting  Bracket 

Bemove  the  Ford  starting  crank  unit.  Fig.  6S.  To  do  tbis 
reach  down  behind  the  radiator  and  locate  the  pin  in  the  start- 
ing crank  rat«liet.    Drive  out  the  pin,  puU  out  the  crank  and  the 


ratchet  then  will  be  loose  enough  to  remove.  When  these  opera- 
tions have  been  performed,  drive  out  the  startiug  crank  sleeve 
from  the  front  bearing  as  shown  by  operation  jn  Fig.  68.  The 
starting  crank,  the  ratchet,  the  pin  and  the  sleeve  are  to  be  dis- 
carded. 
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Remove  the  nuta  from  the  Hpring  clips  holding  the  front  spring 
to  the  frame  cross  member.  The  two  nuts  on  th«  front  of  each  of 
the  spring  clips  are  to  be  discarded,  but  the  two  nuts  on  the 
rear  of  the  spring  clips  will  be  used  again. 

Drive  both  spring  clips  down  so  that  there  will  be  sufficient 
space  between  the  spring  clip  and  tower  leaf  of  the  front  spring 
to  permit  the  ears  of  the  supporting  bracket  brace  to  be  ^sertcd. 
Be  careful  not  to  injure  the  screw  thread  on  the  spring  clips  while 
driving  them  down 

Take  the  asierabled  supporting  bracket  with  its  braue,  and 
loosen  up  tliB  nuti  on  the  two  flit  head  bolts  so  tBat  the  brate  is 
free  to  move  Then  insert  lirst  oi  e  ear  of  the  brace  between  the 
spring  clip  and  the  lower  leaf  of  the  front  spring,  and  aftir  one 
ear  is  in  position  it  will  be  an  etsv  natter  to  slide  the  brace 
b^ck  and  put  the  other  ear  in  place  Then  dri\e  the  spring 
clips  baek  into  their  original  position,  being  careful  to  inicrt 
the  front  threaded  ends  of  the  spring  clips  into  their  Te<ipei,tive 
holes  in  the  supporting  braeket 

Place  lock  washers  over  the  rear  threaded  ends  of  the  spring 
clips  and  put  back  the  nuta  that  wtre  on  onginallv  On  the 
front  threaded  ends  of  the  spring  dips  place  the  rectangular 
spring  tlip  lock  platts,  after  which  the  new  spring  clip  clamp 
nuts  are  to  be  screwed  on  to  the  front  threaded  ends 

Tighten  up  all  four  nuts,  being  careful  that  they  are  drawn 
up  uniformly  It  would  be  best  to  tighten  them  up  one  turn  at 
B.  time  Be  sure  that  the  spring  clips  tighten  the  aupporting 
bracket  brace  uniformly  Do  not  let  one  corner  of  the  spring  clip 
do  all  the  work  While  tightening  up  the  nuta,  aee  that  the 
front  of  the  supporting  bracket  la  square  and  perpendicular,  after 
the  nuti  are  thoroughlj  tightened,  the  lock  plates  should  be 
turned  up  to  prevent  the  front  nuta  from  loosening.  The  rear 
nuts  will  be  taken  care  of  by  the  lock  washers  that  were  put  on. 

The  lock  plates  for  the  front  nuts  should  be  so  placed  that  one 
side  lies  even  with  the  flat  aide  of  the  supporting  bracket.  This 
will  pre\  tnt  the  plato  from  turning  Then  turn  up  one  corner  of 
the  lock  plate  against  the  flat  side  of  the  hexagonal  nut.  This 
in  turn  will  keep  tht.  nut  from  turning  If  there  are  poor  threads 
on  any  of  the  spring  clipa,  it  would  be  wise  110  replace  such  de- 
feotne  spring  tlips  with  new  ones  having  perfect  screw  threads. 
Be  sure  that  all  nuts  are  tight  ^         ^     Cit.)Og|c 
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After  the  spring  clips  ore  drawn  up  homo,  tighten  up  the  nuts 
on  the  flat  head  ecrcwg.  This  will  complete  the  operatioo  of  in- 
stalling the  supporting  bracket. 

Next  install  the  coupling  shaft  unit  composea  of  parts  A,  B, 
C  and  D,  Fig.  69.    lusort  the  coupling  sleeve  P  in  front  of  faa 
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pulley  and  turn  it  until  the  craokBhaft  starting  pin  engages  with 
Elot  in  the  sleeve.  Next  insert  the  coupling  shaft  D  through  the 
hole,  from  which  the  oli]  haml  crank  and  bushing  were  removed, 
until  it  protrudes  through  the  rear  about  an  inch.  Then  reach 
down  behind  the  radiator  and  slip  the  spring  retainer  B  over  the 
square  end  of  the  coupling  shaft.  Slip  coupling  spring  C  over  the 
protruding  square  eni]  of  the  coupling  shaft  and  push  the  shaft 
inward  until  the  square  end  of  the  coupling  ehaft  engages  with 
the  square  hole  in  the  coupling  sleeve  D  already  in  place.  The 
completed  operation  is  shown  in  Fig.  TO. 

InttwUmg  Electrical  Unit 

Bemove  the  three  cap  screws  from  the  back  of  the  electrical 
unit.  Fig.  60.  One  of  these  screws  is  at  either  side  and  one  at 
the  bottom.  Place  the  electrical  unit  ia  position  so  that  the 
datcb  end  of  the  shaft,  Fig.  71,  will  engage  with  the  clutch  end 
of  the  coupling  shaft.  The  three  holes  in  the  electrical  unit  from 
wbicb   the  screws  were  taken   should  line  up  with   the  holes  in 
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the  supporting  bracket  ahown  in  Fig.  71.  When  the  electrical 
unit  is  in  place,  insert  the  two  side  cap  screws  and  turn  them  up 
tight  enough  to  hold  the  unit  in  place  for  the  time  being.  Then 
insert  the  remaining  screw  in  the  same  manner  through  the  hole 
near  the  lower  end  of  the  bracket. 

The  next  operation  is  to  see  that  the  coupling  shaft  A  is 
lined  up  as  near  the  center  as  possible  in  the  hole  through  which 
it  passes.     Raise  or  lower  the  adjusting  screw  until  the  proper 

P 


Fig.  71— Method  o 

alignment  is  secured.  When  coupling  shaft  is  centered  prop- 
erly, screw  up  the  lock  nut  on  the  ad.justing  screw  and  then 
permanently  tighten  dp  the  two  side  cap  screws  and  the  screw 
near  the  bottom  at  the  back  of  the  supporting  bracket.  Remove 
the  wooden  plug  in  the  head  of  the  electrical  unit  and  screw  the 
grease  cup  in  place.  Fill  the  cup  with  grease,  screw  it  down 
once  and  refill. 

Inatalling  Storage  Battery 
The  sheet  metal  battery  box   should  be  placed   on  the  right- 
hand  running-board,  having  the  side  with  the  lock  facing  outward. 
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The  box  is  to  be  placed  aa  near  as  posaiblo  to  the  body  of  the 
car,  being  centrally  located  between  the  fore  and  rear  doors,  ao 
that  both  doors  will  clear  the  box  when  the  cover  is  raised. 
When  properly  placed,  indicate  holes  to  be  drilled  in  the  run- 
ning' board  by  spotting  through  the  holes  in  the  battery  box  with 
a  piece  of  chalk.  Then  remove  the  battery  box  and  drill  the 
holes  in  accordance  with  the  chalk  marks,  but  make  sure  that 
these  holes  are  the  same  size  as  the  holes  '  in  the  battery  boi 
itself.  Replace  the  battery  box  on  the  running  board  and  insert 
the  two  unglazed  porcelain  insulators.  Place  the  battery  in  the 
battery  boi,  making  sure  that  the  terminals  are  toward  the 
body  of  the  car.  Also  make  sure  that  the  battery  is  located 
centrally  in  the  box,  ao  that  it  does  not  touch  the  porcelain  in- 
sulators. Insert  the  threaded  ends  of  the  hold-down  hooka 
through  the  boles  in  the  battery  box  and  through  the  drilled 
holes  in  the  running  board  and  see  that  the  hooks  engage  in  the 
recess  provided  for  this  purpose  in  the  aides  of  the  battery  han- 
dles. Then  from  underneath  the  running-board  place  washers  over 
the  threaded  ends  of  the  hold-down  hooks  and  tighten  up  with 
nuts.  The  manufactursTS  recommend  placing  a  small  hardwood 
block  liver  the  threaded  end  of  the  hold-down  hooks  underneath 
the  running-board  before  applying  the  washers  and 'nuts. 

Installing  Wiring  to  the  Unit 

The  negative  cable  E,  Fig.  60,  is  to  be  connected  with  the 
negative  battery  terminal  and  the  negative  cable  protruding  from 
the  electrical  unit  F.  To  accomplish  this  proceed  as  follows: 
See  that  the  lead  plugs  on  the  cable  and  the  lead  terminals  on  the 
storage  battery  are  cleaned  properly  and  coated  with  a  thin  film 
of  vaBcline.  When  this  ia  done,  insert  the  small  end  of  the  cable 
through  the  forward  unglazed  insulator,  run  the  cable  up 
over  the  rod,  connecting  the  two  running  boarda  and  from  there 
follow  the  frame  underneath  the  mud  guard  as  shown  in  Pig.  72. 
This  cable  is  held  in  place  by  two  clips  provided  for  this  pur- 
pose. The  clips  are  to  be  fastened  underneath  the  chassis  side 
member  by  two  nuts  located  aa  indicated  in  Fig.  72.  This  lug 
end  of  the  cable  now  is  to  be  placed  over  the  negative  terminal 
post  of  the  battery. 

The  next  operation  is  to  connect  cable  E  with  the  short 
cable  I.    To  dfl  this  pass  the  cable  up  over  the  front  cross  mem- 
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ber  as  shown  in  Fig.  71,  Ofer  the  strut  antil  it  meets  the  longer 
cable.  Fasten  both  .cables  together  by  tightening  up  the  coupling 
nut  and  then  carefully  tape  the  joint  to  prevent  the  possibility  of 
a  short -circuit. 

Insbdlinc  MMter  Switch 

The  master  switch  is  to  be  installed  on  the  steering  column  as 
near  to  tb«  steering  wheel  as  possible,  Fig,  73,  In  ease  the  horn 
push  button  interferes,  lower  its  position  aa  in  the  figure.  The 
master  switch  proper  is  in- 
stalled bj  fastening  the 
clamp  around  the  steering 
column  and  screwing  it  up 
tight  with  nut  and  bolt  pro- 
vided for  this  purpose. 
Neit  run  the  wire  down  the 
under  side  of  the  ateerjog 
column,  and  pass  it  through 
the  hole  in  the  floor  boatd. 
Continue  the  wire  down  the 
under  side  of  the  steering 
column  to  the  left-hand  side 
of  the  chassis,  run  it  for- 
ward along  the  chassis  and 
make  connection  by  the 
screw  and  nut  provided  to 
the  small  terminal  protrud- 
ing from  the  side  of  the  negative  cable.  After  making  the  cou- 
oeetion,  tape  carefully  to  prevent  short-circuit. 

Ughting  Switch  and  Wiring 

Install  the  lighting  Hwitch  on  the  heel  board  in  position  as 
shown  in  Fig.  72.  Drill  a  bote  in  the  Qoor  board  large  enough  for 
the  insertion  of  the  glazed  porcelain  insulator.  This  hole  should 
be  drilled  between  the  inner  aide  of  the  body  and  the  outside  of 
the  aide  member  of  the  chassis  and  as  far  back  as  possible,  allow- 
ing sufficient  clearance  for  the  wires  to  enter  the  switch,  In- 
icrt  the  glazed  porcelain  insulator  through  the  drilled  hole,  hav- 
ing the  head  above  the  floor  board.     Next  drill  two  holes  in  the 
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vertical  board  ho  tha,!;  the  switch  may  be  attached  central!]''  above 
the  porcelain  insulator.  The  switch  also  must  be  placed  high 
enough   up   on   the   vertical  board   to  permit   of  easy  access   for 

In  case  the  car  has  a  bead  running  across  the  bottom  of  the 
vertical  board  which  fits  the  groove  in  the  back  of  the  switch, 
make  sure  that  the  use  of  this  bead  as  a  guide  docs  not  locate 
the  switch  too  low.  After  the  holes  have  been  drilled  in  the 
vertical  board  take  off  the  outside  nut  and  washer  from  both 
attaching  screws  in  the  back  of  the  switch.  Do  not  remove  the 
remaining  lock  nut.  Now  insert  the  screws  through  the  holes 
in  the  vertical  board,  having  the  switch  handle  pointing  upward. 
Lift  up  the  seat,  which  will  permit  you  to  reach  down  and  replace 
the  washers  and  nuts  on  attaching  screws.  When  the  switch  is 
firmly  in  place,  remove  the  cover  to  make  the  wire  connections. 

Select  the  small  wire  with  lead  terminal  and  run  the  small  end 
down  through  the  forward  itnglazeil  porcelain  in  the  battery  box, 
which  holds  the  large  negative  cable.  Place  the  lead  terminal 
of  this  small  wire  over  the  battery  negative  terminal  and  on  top 
of  the  negative  cable  lug,  after  which  fasten  it  in  position  with 
the  screw  previously  removed  from  the  battery  terminal.  Now 
run  the  small  wire  up  along  the  chassis  and  draw  it  across  to  the 
left-hand  side  of  the  car  where  this  wire,  together  with  the  taped 
group  of  lighting  wires,  is  to  be  pushed  up  through  the  glazed 
porcelain  insulator  in  the  floor  board  preparatory  to  being  at- 
tached to  the  various  terminals  in  the  switch. 

Fasten  the  terminal  of  the  wire  coming  from  the  battery  un- 
der the  head  of  the  screw  of  the  terminal  post  in  the  upper  row, 
which  is  connected  to  the  wide  curved  brass  connecting  strip. 

The  next  operation  is  to  connect  the  terminals  of  the  four 
wires  which  lead  to  the  headlights,  sidelights,  taillight  and  coil 
bo:x.  It  will  be  noted  that  each  of  these  wire  leads  has  a  letter, 
T,  I,  H  and  8  respectively.  The  lower  row  of  terminals  in  the 
switch  box  have  corresponding  letters  to  guide  you  in  making  the 
correct  connections. 

The  first  wire  protruding  singly  from  the  taped  group  is  to  be 
connected  with  the  taillight.  To  accomplish  this,  run  the  wire 
along  the  left  side  of  the  chassis  to  the  taillight  as  shown  in  Fig. 
72.  If  the  taillight  has  a  two-wire  socket,  the  extra  wire  coming 
from  the  socket  should  be  grounded.    The  remaining  wires  should 
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be  brought  forward  along  the  aide  member  of  the  chassis  and  fast- 
ened permanently. 

The  long  wire,  having  double  branch  wires  with  large  loop 
ends,  is  for  connection  to  the  headlights.  Pass  this  wire  along 
the  left  side  of  the  chassis.  Fig.  73.  The  first  pair  of  branch 
wires  are  to  be  connected  to  the  socket  at  the  back  of  the  left 
headlight  and  the  loop  is  to  be  grounded  under  the  nut  which 
holds  down  the  left- side  of  the  radiator.  The  second  pair  of 
branch  wires  is  to  be  attached  to  the  right  headlight  socket  in 
the  same  manner  as  with  the  left  headlight. 

The  shortest  remaining  wire  is  for  the  ignition  connection 
and  should  be  attached  to  the  ignition  post  of  the  eoil  bos,  which 
is  located  above  the  rear  spark  plug.  In  making  this  connec- 
tion care  should  be  taken  to  keep  the  ignition  wire  as  far  away 
as  possible  from  the  high-tension  wires  leading  to  the  spark  plugs. 

Two  wires  without  terminals  remain.  The  shorter  of  the  two 
is  to  be  connected  to  the  left  sidelight.  To  do  this  push  the  wire 
up  through  the  crack  between  the  dash  board  and  the  floor  board, 
run  the  wire  up  inside  of  the  body  and  out  through  the  smalt 
hole,  which  should  be  drilled  through  the  metal  cowl  near  the 
rear  of  the  side  lamp.  The  other  wire  is  to  be  attached  to  the 
right  sidelight  and  should  be  brought  up  through  the  same  crack 
used  for  the  other  wire  and  passed  across  the  inside  of  the  car  to 
the  right  side  in  whatever  manuer  is  most  convenient.  In  the 
event  of  the  sockets  in  the  sidtlights  being  two-wire  construc- 
tion, the  second  wire  from  each  lamp  must  be  grounded  to  some 
metallic  connection  on  the  chassis  frame. 

In  case  the  oar  is  not  equipped  with  electric  sidelights  tape 
the  ends  of  the  two  wires  furnished  for  this  purpose  and  secure 
them  underneath  the  chassis  where  they  will  not  be  in  the  way. 
Proper  staples  are  furnished  for  atta-hing  the  wires  to  the  dash 
board  or  wooden  body  sill  of  the  car. 

After  all  connections  have  been  made,  battery  ground  cable  G, 
Fig  69,  is  to  be  connected  to  the  battery  and  groond  under  the 
runningboard  as  in  Fig.  72.  To  do  this,  pass  the  small  end  of  the 
cable  through  the  rear  porcelain  insulator  in  the  battery  box  and 
bring  the  cable  under  the  runningboard  to  the  bolt  nearest  the 
car  body  on  the  runningboard  supporting  bracket  and  perma- 
nently fasten  it  in  position. 

To  complete  the  wiring  syitem,  attach  the  battery  ground-cable 
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lug  to  the  poBlliva  poet  of  the  battery  and  secure  with  the  cap 
Berew  provided  for  that  purpose.  Before  making  this  connection 
thoroughly  clean  tJie  connecting  post  and  the  cable  lug  and  then 
apply  a  thin  coat  of  vaseline. 


Fuses  are  provided  inside  the  lighting  switch,  connecting  cot- 
responding  terminals  in  the  upper  and  the  lower  rows  of  termiaals. 
There  is  a,  sepsrate  fuse  for  esich  circuit,  ignition  included. 

In  case  of  the  fuse  melting  due  to  short-circuit  on  snj  part  of 
the  lighting  circuit  or  primary  ignition  circuit,  another  piece  of 
lO-ampere  full  wire  should  be  inserted. 

Befora  Startiiig 

Before  starting  see  that  the  spark  lever  on  the  steering  wheel 
is  touching  the  contact  arm  on  the  master  switch.  When  this  is 
done  make  sure  that  the  commutator  arm  on  the  Ford  timer  is  iu 
a  perpendicular  position.  Should  this  commutator  arm  not  be  Bs 
described  bend  the  commutator  connecting  rod  until  the  arm  is 
perpendicular  as  directed.  This  is  the  last  operation  and  one 
which  must  be  performed  to  insure  BatisfBctor]r  retard  of  the 
spark  for  starting.  It  is  advisable  before  attempting  to  use  the 
electrical  unit  to  check  over  the  entire  installation  to  make  sure 
that  all  connections  have  been  made  properly. 

Extra  Battery  Connecticm 

The  regular  battery  provided  nlth  this  system  is  supplied  with 
an  extra  6-volt  neutral  wire,  which  must  not  be  used  iu  connection 
with  the  lighting  installation  as  described,  which  provides  for 
the  use  of  13-volt  lamps.  The  B-volt  neutral  wire  is  provided  for 
the  convenience  of  the  car  owner  for  the  possible  installation  of 
6-volt  electric  horns  or  other  6-vott  accessories.  The  method  of 
installation  described  provides  12-volt  battery  ignition  for  start- 
ing purposes,  and  under  no  circumstances  should  the  6-volt  neutral  . 
battery  wire  be  connected  to  the  battery  post  on  the  coil  box. 

Lifting  Operatioi) 

When  the  lighting  switch  handle  is  pushed  down  all  the  way, 
the  lamps  are  disconnected;  when  raised  half  way,  sidelights  and 
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taillight  are  connected,  and  when  raised  all  the  vny,  headlight  and 
taillight  are  connected. 

Starting  Operatkm 

To  operate  the  electrical  unit  as  a  motor  throw  the  coil  box 
ignition  Hwitch  to  the  hattory  side  and  press  the  spark  lever  into 
a  position  of  full  retard,  thereby  pushing  the  master  switch  con- 
tact arm  as  far  back  as  it  wiU  go.  This  makes  contact  in  the 
master  switch,  and  if  all  connections  have  been  made  properly 
the  starting  motor  will  turn  over  the  engine. 
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CHAPTER  Vn 

Genemotor  for  Fords 

THE  shaft-driven  tjpe  of  Genemotor  for  the  Ford  ear  Is  a  single- 
unit,    two-wire,    12-volt    equipment.      The    electrical   unit    is 
mounted  on  the  left-hand  side  of  the  engine  on  a  special  bracket 
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attached  to  the  engine  base  and  is  driven  hy  a  special  shaft  and 
g^ar. 

Preparation  of  Engine 

Before  dismantling  the  engine  be  sure  that  it  is  in  good  condi- 
tion, running  aniootht7  and  that  the  carbureter  is  properly  ad- 
justed. Bemove  the  radiator  with  all  the  water-pipe  and  elbow 
connections,  starting  crank  and  ratchet  clutch,  fan  bracket  com- 
plete with  the  fan  and  belt,  fan  drive  pulley  on  the  crankshaft, 
timer,  or  commutator  complete,  timing  gear  cover — leave  paper 
gasket  in  place — engine  bolts  A  and  sill  bolt  B,  Fig.  74.  Clean 
and  wipe  the  engine  carefully  to  insure  perfect  seating  of  all  parts. 


^ 
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t'ig.     77  — Method 
mouBiing   split  hub  i 
the  craiikeha/t 


Cut  out  the  dashboard  as  in  Fig.  75.  Bemove  the  felt  packin 
rings  around  the  crankshaft  and  camshaft  from  the  old  ti 
gear  cover,  or  housing  plate,  and  place  them  in  the  new  ti 
gear  cover,  which  sometimes  is  called  the  cylinder  front  cover. 
Ee-asserable  the  new  cylinder  front  cover,  oil  the  engine,  placing 
bolts  E,  F,  G  and  H,  Fig.  76,  with  lock  washers,  in  holes  indicated. 
Leave  these  bolts  slightly  loose. 

Throw  the  hand  brake  lever  into  the  middle  position  and  push 
the  crankshaft  back  as  far  as  it  will  go.  Assemble  the  split  hub 
J,  Fig.  77,  on  the  crankshaft,  inserting  hub  pin  through  the 
set  of  holes  in  the  hub  which  gives  not  less  tlian  ^  inch  and  not 
over  ^  incb  clearance  back  of  the  hub  flange  and  cylinder  front 
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Drive  the  hob  pin  K,  I^g.  77,  in  crankshaft,  being  careful  that 
the  ends  are  an  equal  distance  below  the  aurface  of  the  threaded 
portion  of  the  hub.  Chisel  off  part  of  the  civet  heads  XX  in  the 
pose  pan  of  the  engine  and  assemble  the  gear  ring  L  aa  in  Pig,  78, 
III  some  cases  it  ma.y  be  found  necessary  to  bend  out  the  sides  of 
the  nose  pan  slightly  by  a  monkey  wrench,  as  in  Fig,  78,  to  obtain 
the  necessary  clearance  for  the  gear  ring.  This  clearance  should 
not  be  less  than  A  inch  at  any  point.    The  recess  in  the  back  of 


FIff.  78 — Bcnaiag  the  n< 


the  gear  ring  will  permit  the  insertion  of  the  gear  ring  past  the 
front  of  the  crankshaft.  The  gear  ring,  after  being  placed  in  posi- 
tion, should  bo  fastened  with  the  three  screws  and  lock  washers 
provided  for  this  purpose. 

Throw  the  hand  brake  lever  to  the  extreme  forward  position 
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to  lock  the  engine,  and  screw  the  hub  nut  M,  Fig.  77,  on  the  hub, 
tightening  aame  with  a,  %-inch  steel  rod  inserted  in  the  holes 
provided  in  the  hub. 

Beplaee  the  cratiking  handle  less  the  Ford  ratchet  clutch,  using 
in  place  of  the  latter  the  ratchet  pin  supplied  with  the  equipment 


•^ 


Fig.  7e—Ad}mting  the  posiiion  of  the  drii^no  pinion 

and  retaining  same  in  place  with  two  cotter  pins  N  as  in  Fig.  77. 

Bemove  the  leather  coupling  P,  Fig.  74,  from  the  end  of  pinion 

shaft.      Unscrew    the    bearing    housing    cap    Q,    Pig.    79,    from 
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the  cylinder  front  cover,  and  place  the  bearing  lining,  with  the 
pinion  ahaft,  in  place.  The  coupling  ie  keyed  to  both  the  armature 
and  dnveshaft  and  should  be  removed  complete  by  driving  it  off  of 
either  shaft  rather  than  separating  tbe  leather  from  the  flanges. 
Be  sure  that  screw  B,  Fig.  79,  in  the  bearing  cap  enters  the  hole 
in  the  bearing  lining  before  replacing  the  cap  and  that  the  shaft 
docs  not  strike  the  base  of  the  engine  casting  which  would  cause 
the  shaft  to  become  sprung.  If  necessary  file  sway  the  corner 
of  the  engine  base  so  that  the  shaft  has  a  clearance  of  at  least 
^  inch. 

AdJiMtment  of  Geaft 

The  steel  gear  at  all  times  must  run  on  the  Fabroil  teeth  of  the 
pinion  and  not  on  its  steel  shrouds.    This  may  be  accomplished  by 


Pf?.  80 — Assembly  of  the  mount-         Fig.   81 — Checking  the  alignment 

ing    cradle    for    the    ahafl-drlvea  o]  the  driieahajt  and  thi  aha/t  o! 

electHcal  unit  the  eleetrical  unit 

rearranging  the  steel  spacers  S,  Fig.  74,  on  tht  pinion  shaft, 
placing  more  or  less  forward  or  back  of  the  lining  as  ma}  be 
necessary.  In  no_  case  should  any  washers  be  left  out  Throw 
the  hand  brake  lever  to  the  middle  position  and  turn  the  engine 
over  with  the  cranking  handle,  feeding  in  between  the  gears  the 
strip  of  paper  T,  Fig,  79,  supplied  for  this  purpose.  Lightly  tap 
the  cylinder  cover  over  to  the  left  as  far  as  necessary  to  mesh 
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the  gears  tightly,  and  then  tighten  the  retaining  bolt  in  the  cover. 
Turn  the  engine  over  again  until  the  paper  is  fed  out.  The  paper 
should  be  evenly  marked  but  not  cut.  Under  no  circurastanceH 
place  any  shim  between  the  bearing  lining  and  its  supporting 
housing. 

G«nemotor  Moimttng  and  Aligninent 

Assemble  the  cradle  for  the  Genemotor  in  place  as  in  Fig.  80. 
Place  a  ^-inch  spacing  washer  under  the  leg  nearest  to  transmis- 
sion  cover  and  insert  special  bolt  A-1  with  lock  washer  from  the 
under  side  of  the  car,  but  have  it  slightly  loose.  Put  the  front 
leg  bolt  A  and  new  sill  bolt  B  with  tlie  lock  washers  in  place,  but 
do  not  tighten  them  up.  Insert  the  Qenemot  f  om  the  ea  a  le 
of  the  dash  through  the  opening  previously  ut  f  th  s  p  rpose 
sliding  it  into  its  cradle,  and  then  clamp  it  in  jla  w  th  th  t  1 
strap,  leaving  about  %  inch  space.  Pig.  81,  b  fw  n  th  mot 
shaft  and  the  pinion  shaft.  The  flat  on  the  (  ame  of  the  G  ne 
motor  should  bo  parallel  to  the  iron  dash  supp    f 

Raise  the  front  log  and  the  sill  leg  of  th  adi  b  s  table 
thickness  of  the  spacing  washers  supplied,  u  t  I  th  d  f  the 
shafts  are  in  line,  utilizing  the  clearance  in  th  b  I  h  1  t  b 
tain  aidewise  adjustment.    The  ends  of  the  shaft  t  b    I      d  up 

accurately  to  at  least  ^  inch  or  the  bearing  w  II  a  h  at  and 
may  be  destroyed.  The  alignment  of  the  tw  haft  n  a  be 
checked  as  in  Fig.  81.  When  the  alignment  is  at  fa  t  t  ght  u 
up  all  the  bolts'  holding  the  cradle,  setting  up  the  lower  nut  on  the 
sill  bolt  first,  and  then  recheck  line-up.     If  necessary,  readjust. 

Remove  the  bearing  cap  and  pinion  shaft.  Assemble  the  leather 
coupling  on  the  pinion  shaft  and  then  assemble  the  other  end  of 
the  coupling  on  the  generator  shaft.  Both  should  bo  a  good  tight 
lit.  Fill  the  recess  in  the  bearing  lining  and  the  bearing  with  a 
good  grade  of  non-acid  grease.  Replace  the  bearing  lining  and 
the  shaft  in  the  housing  and  fasten  the  bearing  cap  in  place. 

Fill  and  fully  compress  the  grease  cup  U,  Fig.  79,  at  least  twice 
to  make  sure  that  the  grooves  and  sprockets  are  filled.  Thoroughly 
grease  the  gears  and  assemble  the  gear  guard  with  its  two  screws 
and  lock  washers. 

The  timer,  or  commutator,  now  may  be  replaced.  Fit  the  two- 
piece  fan  pulley  around  the  neck  of  the  Ford  fan  pulley  and  fastea 
it  with  the  screws  and  lock  washers  provided.  Reassemble  the 
fan  and  the  bracket  complete  to  the  cylinder  front  cover,  using 
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the  new  1-inch  belt,  which  is  driven  from 
hub  nut  M  shown  in  Pig.  77,  Replace  the 
nections,  using  the  special  bolt  for  the 
nearest  the  generator.  Eeplace  the  timer 
same  to  pass  over  instead  of  under  the 
throttle  TOd  must  be  turned  upside  down 
cotter  pins  toward  the  dash  to  clear  th 
primer  rod  and  lever  as  in  Pig,  82,  using 
originally  coming  through  the  radiator. 

Mount  the  starting  switch  and  cutout  i 
floor   board   as   in   Fig.   83.     Mount   the 


the  pulley,  and  the  gear 
radiator  and  water  con- 
water  connection  elbow 
connecting  rod,  bending 

and  assembled  with  the 
e  coupling.  Attach  the 
part  of  Ford  timer  rod 

in  the  under  side  of  the 
lighting  switch   on   the 


Fig.  82 — Method  o]  attaching  the  primer  rod  and  lever 


steering  column  as  in  Fig  84  The  battery  box  should  be 
mounted  ott  the  right  hand  running  board  The  holes  that  must 
be  driUed  in  the  running  board  and  splash  plate  to  a<commodate 
the  battery  leads  and  mounting  bolts  for  three  different  models 
are  shown  in  Fig   85 

The  headlights  and  taillights  may  he  wired  up  with  the  leads 
supplied,  which  are  tagged  to  correspond  to  the  diagram  gi%en 
in  Fig  86  Connect  the  tie  trical  unit  to  the  switch  and  cut<ut, 
an  in  Fig  86,  placing  on  each  battery  cable  a  piece  of  the  cir 
cular  loom  supplied  at  the  point  where  the  cables  pass  through 
the  Blot  cut  in  the  splash  plate     This  circular  loom  should  be 
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held  m  place  by  friction  tape  at  eaeh  end.  Place  the  battery  in 
the  box  with  the  noolen  eleata  beneath  it,  and  clamp  it  to  thi. 
running-board  mth  the  battery  clamps  through  the  holea  in 
the  bottom  of  the  box  and  the  running  board  Connect  the 
negative  lead  to  the  battery  terminal  marked  — ,  ancl  then  touch 
the  positive  lead  to  the  battery  terminal  marked+  If  no  spark 
is  observed  when  this  contact  la  broken,  with  all  switihes  open, 
connect  the  terminal  permanently  If  a  spark  is  observed  the 
system  Is  in  trouble  and  the  diffitulti  ihould  be  remedied  before 
a  permanent  connection  la  made  Make  vure  the  engine  turns 
freely  before  trjing  the  starting  motor 

Operation  and  Pr«caultont 

The  grease   cup   in   the   front   bearing   should   be  kept   fall  of 
grease  and  eompresed  two  or  three  turns  every  200  miles.     The 
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gear  teeth  should  be  greased  about  every  500  miles  by  inserting 
grease  through  the  hole  in  the  rear  guard.  The  lamps  rccom- 
aiended  for  nse  with  the  system  are  12-  and  14-volt,  15-eandle- 
power  Ma^da  or  24  candle  power  nitrogen  and  12-  and  14-volt, 
4  candlepower  Alazda  for  the  tail  tight.  Additional  precautions 
that  must  be  ob3cr\i.d  arc  gi\en  under  the  heading  Operating 
and  Precautions  for  the  chain-driven  tyjio. 

Installing  Ammeter 

An  ammeter  ia  not  supplied  regularly  with  the  system  as  the 
makers  do  not  deem  it  necessary  since  the  generator  Is  provided 


GENEMOTOE  FOB  F0BD8  123 

with  the  inherent  type  of  regulation  of  the  third-brush  type,  so 
thnt  as  long  as  the  commutator,  brushes,  battery  connections,  etc., 
arc  kept  in  good  condition  charging  of  the  battery  is  assured. 
If  the  owner  considers  it  advisable  lo  install  an  ammeter  to  check 
tho  operation  of  the  system,  the  instrument  readily  tuay  be  added 
by  removing  the  jumper  wire  from  the  starting  switch  to  the 
cutout  and  connecting  the  ammeter  leads  between  these  two  points 
as  in  Fig.  87. 

Chain-Driven  Genemotor 

The  chain-driven  type  of  Genemotor  for  the  Pord  car  as  put 
out  in  1917  was  of  the  single  unit,  two-wire,  12-volt  type.  The 
unit  is  mounted  on  the  left-hand  side  of  the  engine  on  a  special 
liracltet  attached  to  the  engine  base  and  driven  by  a  silent  chain. 
The  generator   output   is   regulated   by   the   third-brush    method. 

Installation  of  Electrical  Unit 

First  clean  the  engine  thoroughly  to  insure  proper  seating  of 
the  supporting  bracket.  Also  remove  any  high  spots  or  fins  on 
the  castings  tiiat  may  in  any 
way  interfere.  Mount  the  sup- 
porting bracket  on  the  engine, 
inserting  first  the  bolts  through 
the  babe,  then  the  nater-flange 
bolts,  with  the  elbows.  Place 
the  gaskets  on  each  side  of  tho 
bracket.  Use  the  plain  washers 
between  the  engine  ciise  and  the 
foot  of  the  supporting  bracket 
to  insure  proper  support  of  the 
bracket  and  alignment  of  the 
holes    with    water-pipe    connec- 

tions,  and   bolt  the  bracket   in  moHnfed  on   the  Heerina 

position  temporarily.    Chisel  off  poa( 

part  of  the  two  rear  rivet  heads 

in  the  nose  pan  of  the  engine  and  bend  out  the  edge  of  the  nose, 
to  provide  clearance  for  the  driving  chain.  There  should  be  at  least 
%  inch  clearance  at  all  points  around  the  sprocket  after  the  chain 
is  in  place.  Beplace  the  starting  crank  and  turn  the  engine  over 
slowly  to  feed  the  chain  on  to  the  engine  sprocket,  and  connect 
the  ends   of  the  chain   together.     Carefully  observe   the  arrow  on 
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the  si(le  of  the  chain  which  indicates  the  direction  in  which  it  must 

Bemove  the  generator  pulley  aa  a  unit  with  the  internal  spring 
to  prevent  possibility  of  changing  the  spring  adjustment.  Cara 
should  be  taken  that  the  slot  in  the  spring  support,,  into  which 
the  forks  of  the  piiuon  assemble,  clears  the  key.     These  can  be 
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brought   into   line   by   holding  the   pinion   and   turning   the   fan 
pulley  in  a  counter-clockwise  direction. 

Mount  the  Genemotor  in  place  and  fasten  the  clamping  strap 
loosely.  Apply  a  straight  edge,  Fig.  SS,  and  align  the  sprockets 
accurately,  making  sure  that  the  Genemotor  shaft  is  parallel  to 
the  crankshaft  and  that  the  pinion  on  the  Genemotor  shaft,  with 
bustling,  it  pressed  against  tha  boll  bearing.     In  adjusting  the 
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chain  allow  a  amatl  amount  of  slai^k.  Something  like  %  inch 
deflection  under  finger  presaurc  ahoulj  be  alloweil.  Adjustment 
of  the  chain  ia  made  by  the  two  aet  screws.  When  such  an  ad- 
justment ia  made  be  sure  that  the  starting  switch  is  in  an  up- 
right position  on  top  of  the  unit,  and  then  tighten  the  clamping 
strap.  The  chain  should  he  greased  thoroughly  and  the  chain 
guard  fastened  in  position.  Eeplaee  the  pulley,  with  spring,  look- 
ing it  with  the  pinion  as  when  received. 

The  special  clamp  pulley  now  should  be  aaacmbled  on  the  regu- 
lar fan  pulley,  reducing  the  diameter  of  the  flanges  of  the  latter 
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Fig.     87 — Wiring     diagrara    shun 


if  necessary  by  filing.  Replace  the  fan  and  the  bracket  on  the 
engine,  and  if  the  fan  blades  do  not  clear  the  pulley  on  the  end 
of  the  Genemotor  shaft,  twist  them  slightly  with  a  wrench  and 
bend  out  the  tips  of  the  blades.  Put  on  the  regular  fan  belt  but 
do  not  adjuat  it  too  tightly.  Beplace  the  timer  rod,  making  aure  it 
clears  the  chain  by  bending  the  rod  if  necessary. 

The  dashboard  is  to  be  drilled  for  the  lighting  switch  on  the 
right-hand  aide  aa  viewed  from  the  seat,  directly  under  the 
gasoline  supply  adjustment  for  the  carbureter,  and  on  the  left- 
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hand  side  close  to  the  coil  box  for  the  starting  switch  rod.  Mount 
the  primer  lever  by  placing  the  special  washer  under  the  second 
manifold  atud  nut,  passiag  the  original  rod  to  the  daah  board. 

Cham-Drive  Genemotor  >^^ring 

All  the  various  leads  are  marked  for  their  proper  connection, 
and  by  reference  to  the  wiring  liiagram  in  Pig.  89  the  various 
connections  may  be  followed  readily. 

The  battery  box  is  to 
be. 'held  down  firmly  to 
the  running-board  by  two 
special  clamps.  These 
clamps  fasten  to  the  han- 
dles of  the  battery  box 
and  pass  down  through 
the  holes  in  the  running- 

The  motar  leads  shipped 
with  the  outfit  are  to  run 
diagonally  across  the 
transniiairion  case  of  the 
engine  from  the  Gene- 
motor  to  the  battery. 
These  leads  are  to  be  Ee- 
cured  in  place  by  the 
steel  clip  furnished  with 
the  outfit.  This  clip  is 
to  be  fastened  under  the 
right  hand  screw  next  to 
the  dash,  holding  the 
transmission  cover  in 
place      After  the  wiring 

IB  complete  connect  the  negative  battery  lead  to  the  battery  perma 
nently  Before  connecting  the  positue  lead  touch  it  to  the  battery 
terminal  with  all  BWiti.bes  off  and  observe  if  there  is  any  spark  on 
breaking  the  connettion  It  no  spark  occurs  1  permanent  connection 
may  be  made,  while  if  a  spark  does  occur  the  diffiiulty  should  be 
corrected  before  making  a  permanent  connection 

Turn  the  engine  over  by  hand  to  see  that  everything  is  clear. 
If  found  O.  K.  the  machine  is  ready  for  test.     On  the  1815  and 
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Bubaequent  models,  on  which  the  headlights  are  electric  an^ 
operated  from  the  magneto,  it  will  be  necessary  to  discard  the 
wiring  and  switch  connections  and  do  away  with  the  ground  eon- 
nection  of  the  loft-hand  lamp,  as  the  Genemotor  aystem  is  of  the 
two-wire  type  throughout  and  all  the  lamps  are  fed  from  the 
storage  battery  through  a  lighting  ewlteh  provided  with  the 
system. 

In  the  improved  type  of  the  chain-drive  Genemotor  the  fan  is 
driven    directly    from    a   special   pulley    mounted    on   the   crank- 
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shaft  at  the  same  time  the  driving  gear  is  mounted,  Fig.  90. 
The  starting  switch  and  cutout  instead  of  being  mounted  on  top 
of  the  Genemotor  and  in  combination  with  each  other,  are  made 
to  be  mounted  on  the  under  aide  of  the  floor  board  and  directly 
in  front  of  the  heel  board.  The  proper  location  of  the  holea 
and  their  proper  size  for  mounting  the  starting  switch  and  cut- 
out are  given  in  Fig.  S3.  The  lighting  switch  is  made  to  be 
mounted  on  the  steering  column.  The  location  and  size  of  the 
boles  that  must  be  drilled  in  the  running-board  to  accommodate 
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the  battery  cables  and  mounting  clamps  are  given  in  Fig.  91.    A 
complete  wiring  diagram  of  tho  system  is  shuwn  in  Fig.  86. 

Tlie  Oenemotor  is  a  single-unit  outfit,  that  is,  the  same  raachino 
performs  the  functions  of  both  generator  and  starting  motor. 
Regulation  of  the  output  is  accomplished  by  the  third-brush 
method. 


Lubricate  the  ball  bearings 
a  few  drops  of  non-acid  oil 
every  1000  mdes  Grease  the 
chain  every  500  miles  ini 
keep  taking  up  the  slack  ta 
the  chain  stretches  and  the 
links  seat  themselves  in  the 
sprockets  Do  not  use  any 
lubricants  containing  any 
solid  matter  m  greasing  tht 
chain,  as  this  will  produce 
enesaive  wear  If  the  chain 
becomes  gummy,  it  should  Le 
cleans  1  by  brushing  with 
kerosene  and  then  lubricated 
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by  rubbing  a  good  quality  of  cup  grease  on  the  inside  surface  of 
tho  chain. 

If  the  commutator  becomes  dirty  clean  it  thoroughly,  and  if  it 
should  become  roughened  obtain  a  small  piece  of  fine  sandpaper 
9nd  smooth  it  down.   The  sandpaper  should  not  be  coarser  than  00. 

Under   no  conditions  try  to   operate   the   Qenemotor   with   the 
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battery  removed  unless  the  two  generator  terminals  first  are  con- 
nected, together  with  a  coiiper  wire  or  cable,  otherwise  the 
Genemotor  will  over-heat  and  perhaps  seriously  damage  the  wind' 
ings.  The  lights  eannot  be  used  with  the  battery  removed.  Never 
try   to  operate   the   Genemotor  with  the   small   regulating  brush 


Fie,  92 — Mounting  bracket  lor  Genemotor  fn  position  on  Ford 


removed  or  with  its  contact  surface  on  the  commutator  reduced, 
as  normal  charging  current  cannot  be  procured.  The  starting 
motor  is  supposed  to  spin  the  engine  at  sufficient  speed  to  secure 
ignition  from  the  magneto.    W  the  engine  does  not  fire  promptly, 


GENEMOTOE  FOB  FOEDS 


131 


pull  the  priming  rod;  if  still  no  success  is  met  with,  e 
ignition  system  and  adjustment  of  the  carburetor.  Rt'member 
the  starter  supposedly  is  only  intended  for  cranking  the  engine. 
In  very  cold  weather  it  is  advisable  to  turn  the  engine  over  by 
hand  a  few  times  before  using  the  starting  motor,  thus  preventing 
an  excessive  drain  on  the  battery. 

The  latest  model  of  the  Genemotor  for  the  Ford  car  is  a  single- 
unit,  two  wire,  J2-volt  equipment.  The  electrical  unit  ia  mounted 
on  the  left-hand  side  of  the  engine  on  a  special  bracket  attached 


to  the  engine  anil  mechanically  connected  to  the  engine  crank- 
shaft by  a  silent  chain.  The  regulation  of  the  generator  is  by 
the  third-brush  method.  This  system  is  designed  for  installation 
on  any  1917  or  1918  Model  T  Ford  ear.  On  early  ears  it  will  be 
necessary  to  fit  the  engine  with  a  new  crankcase  having  required 
e  clearness  in  the  nose  pan. 


Preparation  of  Eiifi^e 

The  following  parts  should  be  carefully  removed: 
Radiator  with  water  pipe  and  elbows. 
Starting  crank  and  ratchet. 
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Fan  bracket  complete. 

Fan  drive  pulley  on  engine  crankshaft. 

Engines  bolts. 

Mount   the   Genemotor   supporting  bracket   on   the   right-hand 
side  of  the  engine,  facing  the  radiator,  hj  loosely  bolting  the 


FiB.  84 — 1918  Oenemotor  mounted  On  Ford  engine 

■water  connection  top  of  the  bracket  to  the  water  connection  of 
the  engine,  taking  care  to  re-insert  the  packing  gasket  in  its 
proper  place.  Then  insert  the  two  thick  washers  in  the  counter- 
bores  at  A,  Fig.  92,  in  the  base  of  the  engine  under  the  lower 
foot  of  the  bracket.    Enough  of  the  thin  washers  then  should  be 
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placed  Dn  top  of  one  or  both  of  the  thick  onea,  bh  the  case  may  be, 
to  make  the  bracket  stand  perpendicular  and  bring  the  flanges 
of  the  water  connection  at  the  top  together  and  into  line.  Then 
insert  bolts  A  with  beads  on  top  of  bracket  foot  and  tighten 
bracket  foot  solidly  onto  washers,  using  the  Ford  crown  nuts  on 
the  bolts  from  below.  Then  set  up  the  top  water  counoction 
bolts  tightly. 

Assemble  the  driving  sprocket  B  onto  the  crankshaft.  Fig.  93. 
Line  up  the  holes  in  the  sprocket  with  that  in  the  crankshaft 


Fig.  85 — Inetallatton  o/  primer  rod 

and  drive  pin  C  into  place.  Lock  the  pin  by  inserting  screw  D 
over  top  of  pin,  not  forgetting  to  use  a  lock  washer  under  the 
head  of  the  screw. 

Push  the  starting  crank  ratchet  into  pulley  and  assemble  the 
chain  over  the  large  sprocket  B.  This  can  be  done  without  dis- 
lonnecting  the  links.  Also  slip  the  fan  belt  under  pulley.  Re' 
place  the  starting  crank,  using  new  spring  pin  E,  Fig.  93,  to  lock 
crank  and  ratchet  together. 

If  necessary  to  replace  the  fan  belt  at  any  time,  pull  out  the 
pia  £  witJ>  pliers  and  push  the  atartiug  crank  ratchet  into  pulley. 
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This  will  give  room  for  removiag  the  belt  between  tlie  crankshaft 
and  ratchet  and  eliminate  the  necessit;  of  removing  the  radiator. 
Bring  the  pinion  end  of  the  Genemotor  againat  the  rear  face 
of  the  bracket  with  pinion  ahaft  and  pinion  projeeting  forward 
through  the  opening  provided.  Pass  the  chain  over  the  pinion  and 
insert  bolts  F  and  G,  Fig.  94,  but  do  not  lock  tight, .  Swing  the 
Gene  mo  tor  a  p  ward  on  bolt  F  aa  a  pivot  by  the  adjusting  screw  H 
until  the  chain  is  sufBcientty  tight  so  the  maximum  deflection  with 
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Fig.  96 — Proper  po«i*io«  o/  holea  Jor  moanting  elarter  taitch 


ordinary  finger  pressure  on  the  under  aide  of  the  chain  is  %  inch. 
Set  up  bolts  F  and  G  tightly. 

Remove  the  fan  shaft  from  the  Ford  fan  and  reassemble  with 
new  fan,  first  packing  fan  body  with  bearing  grease.  Mount 
the  fan  on  the  engine  and  tighten  the  belt  to  proper  tension.  Be- 
place  radiator  and  water  connections.  Attach  the  primer  rod 
and  lever,  Pig.  95,  using  the  Ford  primer  rod  originally  coming 
through  radiator.  Mount  the  starting  switch  under  the  heel  board, 
Fig.  96. 

Battery  Installatloii 

In  the  battery  installation  on  touring  cars,  sedans  and  town 
cars,  the  battery  cradle  is  of  a  new  tyfc,  locating  the  battery 
under  the  body  of  the  car  as  in  Fig.  97.  Access  to  the  battery 
ia  gained  by  loosening  the  floor  boards  of  the  car.    The  cradle 
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Bbould  be  placed  oa,  the  car  frame  and  the  btttter;*  inserted  and 
clamped  fast  between  the  supporting  beams  by  tightening  the 
two  clamping  bolts  A  as  in  Fig.  97.  Tighten  the  clips  B,  hold- 
ing the  supporting  beams  to  the  ear  frame,  first  slightly  shifting 
the  cradle  forward  or  backward  as  necessary  to  allow  for  the 
slight  diflference  in  width  of  the  floor  boards  so  that  the  battery 


Fig.  97 — Location  of  hMtery  under  the  Jrame  of  the  car  ■ 

can  be  inspected  and  removed  through  the  body  of  the  car.  In 
case  the  battery  supplied  is  not  sufficiently  long  to  entirely  fill 
the  cradle  a  block  of  wood  should  be  placed  between  the  forward 
end  of  the  battery  bos  and  the  eradlej  Fig.  98,  before  set^ng 
up  clamp  bolts  in  order  that  the  battery  may  be  firmly  held  in 

On  runabouts  the  mounting  ia  the  same  as  for  touring  cars  ex- 
cept that  the  floor  board  should  be  cut  away  as  in  Pig,  99.  The 
two  wooden  cleats  in  the  figure  and  the  necessary  cover  may  be 
cut,  Fig.  100,  from  the  cover  of  the  packing  bos  in  which  the 
equipment  was  received.     Due  to  the  location  of  the  gasoline 
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tank  it  will  be  necessacy  to  locate  the  cradle  c 
101,  after  first  shortening  the  depth  of  same  aa  i 


I  coupeletB,  Fig, 
I  Fig.  102. 


Wiring  Diagram 

Spring  the  lighting  switeh  into  place  on  the  steering  column  bo 
that  the  switch  buttons  are  on  top  and  approximately  6  in.  below 
the  steering  wheel.     The  lighting  switch  has  two  points,  1,   all 


nvuf  ''^(^^Z^^^     ^^ FtuSHwjnt Aside 

/      / 

•  Fig.  96 — Op^Ang  In  floor  o)  Ford  ntnabout  lor  storage  haltery 

lights  bright  and,  2,  all  lights  dim.  Wire  the  head  and  taillighta 
with  leads  supplied.  Note  particularly  that  it  is  necessary  to 
cut  oft  the  cable  from  the  main  headlight  lead  and  splice  on  for 
left-hand  headlight.  Connect  the  Genemotor  to  the  starting 
switch  and  battery,  taping  the  leads  together  near  the  switch  for 
support.    After  connecting  ths  negative  battery  lead  to  tha  nega- 
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tive  terminal,  touch  tUe  positive  battery  terminal  with  the  posi- 
tive lead  with  all  switches  oS.  If  no  spark  is  noticed  connect 
permanently. 

Be  sure  to  coancct  the  positive  terminals  on  battery  to  positive 


Sl-^      coveeovebbattew  'r-^S: 


Fig,  100 — Woo4en  cleata  to  be  ueed  in  mou 


BACKOr  fiXTSOX. 


Fig.  101 — Location  of  balterg  cradle  o 


I  coBpelet 


on  Genemotor  and  negative  to  negative,  according  to  markings  on 
Gen  em  ot  or,  battery  and  cables;  otherwise  the  system  will  not 
operate.  All  the  bulbB  should  be  12-16  volts.  Turn  the  engine 
over  slowly  by  hand  to  see  that  everything  is  free  and  clear. 
Starter  and  lights  are  now  ready  for  use. 
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Important  Precautiotu 

Put  distilled  water  in  the  battery  every  two  weeks.  Grease 
the  chain  every  500  miles  and  keep  proper  tenaion.  Lubricate 
ball  bearings  at  either  end  of  Genemotor  with  a  few  drops  of 
noD-acid   oil  every   1000  miles.     Never  put  oil  or  grease  on  the 


CUrTO  THESE  LEW  STHS 
MAKE  AHSLE  BEHD 
AHD  DRILL 


?r  depth  of  hattertl  cradle  supports  /or  Ford 
tmupelet 


Fig.  103 — Wiring  diagram  of  1918  Oentmotar  tor  F 


commutator.  If  the  commutator  is  rough  or  dirty,  clean  with  fine 
sandpaper  only.  Never  operate  the  Genemotor  with  battery  re- 
moved unless  the  Genemotor  terminals  first  are  connected  with  a 
eopper  wire  or  cable;  otherwise  the  Genemotor  will  overheat  and 
injure  the  windings.    Lights  cannot  be  used  with  batt«ry  removed, 
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la  extremely  cold  weatlier  it  is  advisable  to  break  away  the  en- 
gine by  hand,  turning  it  over  s  few  timea  before  applying  the 
starter,  thus  preventing  undue  drain  on  the  battery. 

The  starter  is  designed  to  spin  the  engine  at  sufficient  speed  to  , 
secure  ignition  from  the  magneto.  If  the  engine  does  not  fire 
promptly,  pull  the  priming  rod;  if  still  no  success  is  met  with, 
exatnine  the  ignition  system  and  adjustment  of  carbureter.  Be- 
member  the  starter  is  only  intended  for  cranking  the  engine  and 
should  not  be  used  to  move  the  car.  Should  the  starter  fail  to 
turn  the  engine  over,  before  attempting  any  adjustments  try 
cranking  by  hand  to  be  sure  that  the  crankshaft  ia  free  to  turn. 
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CHAPTER  Vin 

Disco  System   for  Fords 

THE  Disco  electrical  ayBtem  for  the  Ford  car  is  a  single-vrire, 
two-unit,  6-voit  ayatem.  The  generator  is  driven  direct  from 
the  engine  crankshaft  by  a  silent  chain,  and  the  starting  motor 
transmits  its  power  to  the  engine  crankshaft  through  a  Bendiz 
drive  which  automatically  engages  a  gear  mounted  on  the  ahaft 
of  the  generator.  Both  the  generator  and  the  motor  are  mounted 
ou  a,  special  bracket  which  is  attached  to  the  left-hand  aide  of  the 
engine,  as  shown  in  Fig.  104.  The  atarting  awitcb  ia  of  the  elec- 
trically-operated type,  and  the  output  of  the  generator  ia  con- 
trolled by  an  electro -magnetically  operated  regulator.  A  cut-out 
of  the  electromagnetic  type  controls  the  connection  between  the 
generator  and  the  battery. 

Preparation  of  Engine  for  Installation 

Before  removing  any  part  of  the  engine  make  sure  the  carbure- 
ter is  properly  adjusted  and  that  ignition  ia  opera,ting  satisfac- 
torily. Semove  the  hood,  radiator  and  fan  from  the  car.  Also 
remove  the  flrat  and  third  crankcase  bolta,  on  the  right  aide  of  the 
cylinder  caating  aa  viewed  from  the  front  of  the  car,  and  place  on 
the  cylinder  casting  the  bracket  provided  for  supporting  the  Diaco. 
The  holes  in  thia  bracket  will  register  with  the  two  crankcase 
holts  which  have  been  removed.  Fasten  thia  bracket  down  ae- 
curely  with  the  two  longer  cap  aerewa  provided  for  thia  purpose, 
taking  care  to  place  the  spring  lock  washers  under  the  heads  of 
screws.  The  dog  nt  the  end  of  the  crank  handle  will  be  of  no  fur- 
ther use,  as  this  is  now  a  part  of  combination  fan  pulley  and 
crankshaft  sprocket,  and  when  replacing  the  starting  crank  it  will 
be  only  necessary  to  drive  into  the  hole  in  the  crank  handle  the 
A  by  2-ineh  steel  pin  supplied  with  the  outfit. 

Drive  out  tiie  ?&-inch  pin  that  holds  the  fan  pulley  in  place, 
making  sure  that  the  pin  is  in  a  vertical  position  to  allow  it  to 
drop  through  the  hole  in  the  bottom  of  the  front  motor  support. 
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Itemove  the  pulley,  and  place  on  the  crankshaft  the  combination 
sprocket  and  fan  pulley  provided,  using  the  special  %-inch  pin 
for  pinning  same  to  the  crankshaft.  This  pin  is  necked  at  one 
cud,  which  should  enter  last  so  that  the  neck  will  indicate  with 
the  hole  drilled  through  the  fan  pulley  and  sprocket.  A  cotter 
pin  is  provided  for  inserting  in  this  hole  to  prevent  the  crank- 
shaft pin  from  working  loose.  Remove  the  cylinder  head  retain- 
ing bolts  Noa,  1,  2  and  3  on  the  right-hand  side,  replacing  it  with 
special  bolts  provided,  thus  securing  the  top  eupporting  bracket. 
Bemove  the  cylinder  head  retaining  bolt  No.  4  on  right-hand  side 
and  replace  it  through  the  bracket  of  the  solenoid  starting  switch, 
thus  securing  it  in  place. 

Great^care  must  be  taken  after  removing  the  cylinder  head  re- 
taining bolts  not  to  allow  any  dirt  or  filings  to  enter  these  holes 
or  there  wOl  be  danger  of  cracking  the  cylinder  casting  when 
replacing  these  bolts.  ' 

Installing  Electrical  Unit 

Place  the  Disco  motor  and  generator  assembly  on  the  lower  sup- 
porting bracket,  when  tapped  holes  in  the  brackets  on  same  will 
register  with  the  slotted  holes  in  the  supporting  brackets.  The 
four  hexagon-head  cap  screws  provided  for  this  purpose  may  be 
screwed  in  place,  taking  precaution  to  use  lock  washers  under  the 
heads  of  same.  These  screws  are  distributed  as  follows,  two 
through  top  supporting  bracket  and  two  through  lower  supporting 
bracket.  The  upright  screw  in  the  lower  supporting  bracket 
should  be  run  down  as  far  as  possible  and  the  silent  chain  placed 
around  the  sprockets,  the  ends  being  brought  together  and  pinned. 
To  facilitate  reaching  the  chain -tightening  screw  mentioned,  it 
wilUbe  advisable  to  cut  out  a  small  piece  of  the  Boil  pan  so  that 
this  screw  may  be  operated  by  a  socket  wrench  from  underneath 
the  chassis.  The  four  heiagon-head  cap  screws  mentioned  may 
be  set  up  snugly  enough  to  support  the  Disco  motor  and  generator 
assembly,  when  the  upright  screw  in  the  lower  supporting  bracket 
may  be  run  up  until  the  chain  is  of  the  proper  tension,  it  being 
borne  in  mind  that  too  tight  a  chain  will  cause  undue  strain  on 
the  bearings  of  the  generator  and  a  loose  chain  will  allow  whip- 
ping and  its  consequent  troubles.  When  the  proper  tension  of  the 
chain  has  been  obtained,  the  four  hexagon-head  cap  screws  may 
be  tightened  securely. 
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Next  place  the  fan  in  the  original  position,  after  equipping  it 
with  the  small  split-fan  pulley  provideil  viitb  the  outfit.  Place  the 
fan  helt  to  run  on  this  new  pulley,  and  tighten  the  belt  as  before. 
Tt  will  be  found  necessary  to  cut  about  ^,  inch  off  each  siite  of  fan 
belt  to  bring  it  down  to  %  inch  width  to  run  on  the  new  pulleys. 

Combbiatioii  Switch  Box 

Place  the  combination  switch  box  on  the  steering  post  so  that 
the  face  of  the  ammeter  is  about  ^  inch  below  the  horn  button. 
Secure  it  to  the  post  with  the  clamp  and  four  screws  provided  for 
this  purpose.  Drill  a  ^-inch  hole  through  thedash  in  a  vertical 
line  above  the  steering  post  and  as  close  as  possible  to  the  flange 
of  it  for  the  flexible  conduit.  The  conduit  should  be  clamped  to 
■  the  steering  post  with  the  clamp  provided,  about  midway  between 
tlie  switch  box  and  the  dash.  Drop  the  flexible  conduit  vertically 
on  the  other  side  of  the  daah,  and  secure  it  near  the  end  with  a 
pipe  clip. 

Wiring  and  New  Choker  Rod 

Study  the  wiring  diagram  carefully,  and  make  all  electrical  con- 
nections as  securely  as  possible. 


Place  the  battery  box  on  the  running-board  about  3  inches 
from  the  front  end.  The  outside  edge  of  the  box  should  be  flush 
with  the  edge  of  the  running- board.  Drill  six  holes  to  corresponll 
with  the  holes  in  the  liottom  of  the  battery  box.  Fasten  the 
battery  box  to  the  running  board  with  the  four  bolts  provided. 
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Place  the  battery  in  the  boi  and  fasten  it  by  the  hook  bolts  far- 
niched.  Cut  large  holes  in  the  splash  plate  in  direct  line  with 
the  large  holes  in  the  eide  of  the  battery  box.  These  holes  should 
be  made  by  making  two  diagonal  cuts  at  right  angles  to  each 
other  and  bonding  the  edges  in  to  provide  a  large  surface  and 
prevent  abrasion  of  insulation  on  heavy  cables.  The  long  heavy 
cable  is  to  be  used  from  the  poative,  -f-,  post  of  the  battery  to 
the  solenoid  switch.  Fig.  105.  The  short  heavy  cable  is  to  be 
used  from  negative,  — ■,  terminal  to  the  ground,  which  may  be 
made  by  drilling  a  %-inch  hole  in  the  chassis  frame  opposite  the 
holes  in  the  splash  plate  and  battery  bone.  Scrape  all  paint  from 
around  this  hole  until  bright  surface  of  metal  shows.  Securely 
bolt  the  terminal  of  the  cable  to.  the  frame  using  the  ft-inch  by 
%-inch  bolt  furnished.  Do  not  connect  the  wires  to  the  battery 
until  installation  is  entirely  complete  and  all  is  in  readiness  for 
starting. 

The  engine  now  should  be  cranked  by  hand  to  make  sure  that 
everything  ia  lined  up  properly  and  that  chain  does  not  bind. 
Make  a  careful  examination  to  see  that  all  bolts  and  nuts  are  in 
place  and  properly  fastened  and  that  all  electrical  connections  are 
correct  and  properly  taped  up  to  insure  inaulatiou. 

Remove  the  old  choker  rod  and  replace  it  with  the  one  supplied, 
allowing  it  to  run  through  the  small  brace  furnished,  which  ahould 
be  anchored  under  the  head  of  the  bolt  in  the  flange  connecting 
the  carbureter  to  the  intake  manifold.  Allow  the  front  end  of 
the  choker  rod  to  pass  through  the  hole  in  the  radiator,  through 
which  the  original  choker  rod  paased.  Bend  a  ring  in  the  outer 
end  of  the  rod  after  the  radiator  is  in  place.  Drill  a  hole  in  the 
toe  board  2  inches  from  the  top  directly  back  of  the  carbureter 
and  place  the  short  3/16-:ach  rod  supplied  thhugh  the  hole,  con- 
iiceting  it  to  the  loop  in  the  main  choker  rod,  and  replace  the 
button  on  the  other  end.  Fasten  the  rear  end  of  the  main  choker 
rod  to  the  arm  of  the  choke  valve  on  the  carbureter.  See  the 
wiring   diagram   in  Fig.   106. 

Kemove  the  steel  water  pipe  between  the  radiator  and  the 
engine,  and  replace  it  with  the  special  pipe  provided  for  this 
piirpose.  Replace  the  radiator  on  the  ear,  and  hook  up  the  water 
manifold  as  before.  Fill  the  radiator  with  water,  and  everything 
will  be  in  readiness  to  start  the  engine. 

First  connect  the  battery  leads.  To  start  the  engine,  place  the 
spark  and  throttle  levers  in  the  customary  position,  that  ia,  spark 
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retarded  and  throttle  about  a  fourth  open.  Depress  the  sraall'  but- 
ton on  the  left-hand  side  of  the  Bwiteh  bor,  and  the  starter  will 
spin  the  engine,  provided  proper  adjustments  have  been  made. 
The  engine  should  pick  up  immediatelf  under  its  own  power.  If 
liccesBary,  push  down  the  choke  rod  on  the  toe  board  to  facilitate 
starting.     Bun  the  engine  slowly  at  tirat  until  you  are  sure  that 


the  outfit  has  been  booked  tip  correctly  and  that  all  bolts  and 
nuts  are  tight  and  that  the  outfit  is  funivtioning  properly.  Speed 
the  engine  up  stightly,  and  note  if  the  ammeter  shows  charge. 
The  instrument  should  show  from  7  to  11  amperes  charge  aeeord- 
ing  to  the  condition  of  the  battery,  7  amperes  when  the  battery  la 
fully  charged  and  11  amperes  when  the  battery  is  \ery  low.  Do 
not  under  any  consideration  attempt  to  alter  the  charging  rate. 
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See  that  each  cell  of  the  battery  is  filled  with  electroylte  to  a 
height  of  14  inch  above  the  plates. 

Whenever  you  replace  a  diaconnected  or  removed  battery,  be 
Buce  to  place  the  terminal  of  the  wire  from  the  solenoid  switch 
on   the  terminal  of  the  battery   marked  positive,   +, 

When  the  outfit  is  completely  installed,  the  battery  must  be 
inspected  with   a  hydrometer   to  insure  its  being  fully  charged. 

Its  hydrometer  reading  should  be  from  1285  to  1300.  Very  often 
tliere  Is  considerable  delay  in  delivering  a  battery  by  freight  so 
that  its  strength  may  have  become  exhausted  in  transit,  or  it 
may  have  been  subjected  to  rough  handling  through  which  the 
electrolyte  has  been  partly  spilled  out.  It  is  absolutely  neces- 
sary that  the  battery  should  be  fully  charged  and  in  good  condi- 
tion in  every  way  before  the  installation  can  be  called  complete. 

If  foe  any  reason  it  is  necessary  to  run  the  engine  with  tho 
battery  disconnected,  it  is  of  the  utmost  important  that  the 
wire  from  the  center  post  of  the  regulator  be  removed  and  a  short 
wire  placed  under  either  outside  post  of  the  regulator,  taking 
cure  that  it  shall  have  a  good  electrical  connection  thereto.  The 
other  end  of  this  wire  should  be  securely  grounded  to  the  frame 
of  the  generator  or  some  metal  part  of  the  engine.  Thb  will 
insure  the  user  against  liability  of  damage  to  his  generator. 

Do  not  under  any  consideration  connect  the  battery  wires  until 
installation  is  complete  and  engine  is  ready  to  start.  Whenever 
making  any  adjustments  or  repairs  to  the  electric  system  be  sure 
to  disconnect  the  battery  first.  , 
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CHAPTER  IX 

Fisher  System  for  Fords 

THE  Fisher  system  for  the  Ford  car  is  a  two-unit,  12-volt,  com- 
bined single-  and  two-wire  system.  Tlie  starting  and  generator 
units  arc  shown  in  Fig.  107.  The  lower  uoit  is  tlie  generator,  and 
it  is  connected  to  tho  crankshaft  by  a  silent  chain  running  over 
gears  mountcdon  the  crankshaft  and  generator  shafts  respectively. 
The  motor  shaft  is  geared  to  the  generator  shaft  by  a  special  set  of 
gears  so  arranged  that  power  may  be  transmitted  from  the  motor 
to  the  generator  shaft  and  not  in  the  opposite  direction,  so  that  the 
motor  armature  does  not  revolve  only  when  it  is  used  in  starting 
the  engine.  Tho  cranking  rate  is  approximately  £0  to  1  and  the 
generator  drive  rate  1^  to  1.  The  generator  is  provided  with  in- 
herent regulation,  which  prevents  an  overcharge  of  the  battery  at 
high  speeds.  An  electromagnetic  cutout  controls  the  connection 
between  the  battery  and  the  generator. 

Preparation  of  the  Engine 

The  engine  should  be  adjusted  so  that  it  is  running  smoothly 
before  dismantling  any  of  the  parts.  Then  remove  the  radiator 
with  upper  hose  connection  and  lower  #ater  manifold  loosened  at 
the  side  of  the  cylinder,  starting  crauk,  fax  and  pulley  on  the  end 
of  the  crankshaft  for  driving  the  fan. 

Place  the  new  sprocket  E,  Pig,  108,  on  the  end  of  the  crank- 
shaft, driving  tho  pin  H  through  the  cross  hole  in  the  end  of  the 
crankshaft,  burring  the  hole  slightly  so  it  cannot  leave  its  posi- 
tion. This  secures  the  sprocket  to  the  crankshaft  of  the  engine. 
Pin  F  is  placed  in  the  sprocket  before  shipment. 

Then  slip  the  pulley  marked  A  over  the  end  of  the  sprocket 
up  to  the  shoulder.  Secure  the  pulley  by  several  center  punch 
marks  between  the  end  of  the  sprocket  and  the  internal  diame 
ter  of  the  pulley  at  D,  If  it  is  desired  to  retain  the  Ford 
starting  crank  in  place — this  is  preferable  to  carrying  it  in  the 
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tool  hoi — cut  A  inch  off  the  ratchet  dutch,  C,  Fig.  108,  at  the 
shoulder  B.  The  original  hole  in  ratchet  clutch  C  and  starting 
crank  are  not  disturbed.  If  there  are  burs  on  the  ratchet  clutch 
or  if  it  is  too  large  to  enter  the  chain  sprocket,  the  tips  must  be 
filed  or  turned  down  in  a  lathe. 

Mounting  Generator — Motor  Unit 

Bemove  the  right-hand  bolt  of  the  top  water  connection  marked 

A,  Fig.  109,  and  the  second  bolt  on   top  of  the  cylinder  marked 

B.  If  there  are  any  rough  spots  or  burs  under  either  of  these 

bolts  they  must  be  re- 
moved. Remove  the  sup- 
porting bracket  C  from 
the  general  or -mot  or  unit 
and  place  the  bracket  in 
position  as  shown  in  Fig. 
109,  Between  the  bracket 
C  and  the  water  connec- 
tion is  a  thick  steel  spacer 
washer.  The  bracket  must 
be  securely  bolted  in  place 
against  the  water  connec- 
tion by  bolt  B.  The  care- 
ful placing  of  the  bracket 
and  the  clamping  of  these 
bolts  are  essential  to  the 
successful  operation  of  the 
installation.  After  these 
bolts  are  securely  in  place, 
turn  the  set  screw  D  in 
Fig.  109,  until  it  rests  se- 
curely and  firmly  on  the 
engine  casting  and,  when 
firmly  bedded,  lock  it  in 
position  by  tightening  the  lock  nut.  The  purjKise  of  this  set  screw  is 
to  take  the  strains  between  the  shaft  of  the  electrical  unit  and  the 
crankshaft  of  the  engine,  and  the  end  of  the  screw  must  rest  on  the 
casting,  otherwise  the  chain  may  be  injured. 

Place  the  starting  unit  S  on  the  mounting  bracket  and  clarap 
it  in  its  lowest  position  with  washers  and  nuts  on  the  studs.     A 
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long  ahaok  T-mrench  ia  beat  to  use  for  tliia  purpose.  The  clittiii 
which  ia  fastened  together  by  a  bolt  and  cotter  pin  may  now  be 
put  in  position.  Roll  the,-^hain  under  the  sprocket  P  aud  on 
sprocket  G  on  the  electrical  unit  as  in  Pig.  109.  firing  the 
two  end  linka  together  and  slip  the  boit  through  with  the  head 
toward  the  engine  and  put  the  waaher  and  cotter  pin  in  place. 
Tighten  the  chain  by  loosening  the  nuta  on  the  Btuds  holding  the 
unit  in  place  and  the  locknut  E,  on  set  screw  I.  Then  screw  aet 
screw  I  up  until  the  chain  feela  taut  when  preaacd  with  the 
fingera.  Tighten  the  nuts  on  the  studs  and  the  lock  nut  H  on  the 
set  screw  I,  Turn  the  engine  over  a  few  times  by  hand  when  yon 
have  assembled  the  starting  crank  to  aee  that  everything  ia  clear 
before  trying  to  use  the  starter.    The  slack  in  the  chain  should 
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be  taken  up  quite  frequently  during  the  first  few  hundred  miles, 
as  the  life  and  aervice  of  the  chain  ate  greatly  increaaed  by  keep- 
ing it  nnder  the  proper  tension,  especially  while  it  is  stretching. 

Separate  the  split  pulley  A,  Pig.  110,  and  clamp  it  on  the 
ahaft  of  the  fan,  between  the  brass  pulley  and  the  fan  blades,  by 
the  two  screws.  The  diameter  of  the  bore  of  this  pulley  is  slightly 
under  the  neck  of  the  fan  ao  it  may  be  necessary  to  file  it  with  a 
round  file  so  it  will  fit  the  neck  of  the  fan  pulley.  After  this  pulley 
is  in  position,  hook  the  round  belt  J,  Fig.  109,  over  the  pulley  on 
the  crankshaft  and  the  pulley  on  the  fan. 

Remove  the  plug  from  the  top  of  the  starting  and  lighting  unit 
and  aquirt  half  a  pint  of  BB  transmission  grease  by  a  grease  gun 
into  the  gearcase,  replacing  the  plug  after  inserting  the  grease. 
This  quantity  of  greaae  will  be  ample  for  six  months,  average  run- 
ning.   A  front  view  of  the  installed  unit  is  shown  in  Fig.  111. 
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Iiutalling  BaHery  and  Wtrbg 

The  battery  bos  may  be  located  on  either  running-board,  but 
Bbould  be  placed  in  Buch  a  position  that  it  will  not  interfere  with 
the  car  doors,  and  the  battery  itself  when  in  the  boi  will  be  easily 
accessible.  Holes  must  be  drilled  in  the  splash  plate  to  accommo- 
date the  batterj  cables. 

The  battery  cables  should  be  protected  with  short  pieces  of 
^^-inch  flexduct  where  the  wires  pass  through  the  holes  in  the  bat- 
tery box  and  splash  plate.  The  1-inch  flexduct  should  be  used 
abont  the  wires  between  the  transmission  cover  and  engine  banger 
on  the  left  side,  letting  it  extend 
back  past  the  bralie  pedals. 
Mount  the  instrument  board  car- 
Tjing  the  starting  and  lighting 
switches,  ammeter,  relays  and 
dash  lamp  under  the  cowl  dash 
to  the  left  of  the  steering  col- 
umn. A  front  view  of  the  in- 
etrument  board  is  shown  in  Fig. 

112.  The  length  of  the  wires  can 
now  be  adjusted  to  suit  this  par- 
ticular location.     A  complete  wiring  diagram   is   shown   in  Pig, 

113,  and  the  wiring  should  be  installed  as  fallows.  Bun  the 
large  negative  starter  cable  i  from  the  negative,  — ,  terminal 
of  the  battery  through  the  flexduct  to  the  negative  terminal  on 
the  motor.  Install  a  heavy  cable  from  the  positive,  +,  terminal 
of  the  battery  to  the  left-hand  terminal  of  the  starting  switch. 
Fig.  113,  but  do  not  make  the  electrical  connection  at  the  bat- 
tery. All  the  terminals  on  these  cables  should  be  soldered  and 
the  binding  posts  tightened  with  a  wrench. 

Install  a  lighting  ca15Ie  from  the  lower  brush  on  the  generator, 
marked  G  in  Fig.  113,  to  the  terminal  marked  G  on  the  relay.  Con- 
nect another  lighting  cable  between  the  terminal  marked  S  on  the 
generator  and  the  terminal  marked  S  on  the  relay.  Install  the 
electric  side  lamps  and  connect  them  in  series,  running  a  lighting 
cable,  marked  12  in  Fig.  113,  from  the  lighting  switch  to  the 
left-hand  lamp,  thence  to  the  right-hand  lamp  and  to  ground.  Dis- 
connect the  wire  going  to  the  headlights  from  the  original  switch 
and  connect  it  to  the  new  lighting  switch.     From  one  side  of  the 


Fig.  no—Method  of  m 
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dash  lamp  Tun  a  lighting  cahip  lo  the  tail  lamp,  being  sure  to 
ground  one  Bide  of  the  tail  lamp  so  as  to  complete  the  circuit. 
Wlien  the  wiling  la  completed  as  outlined,  trace  each  circuit  care- 
fully and  be  sure  that  all  connections  have  been  made  in  accord- 
ance with  the  diagram.  With  all  switches  open  touch  the  positive 
battery  wire  to  the  positive  battery  terminal,  and  if  no  spark  oc- 
curs on  breaking  this  contaot  the  battery  eonaection  may  be  made 
permanent.     Solder  and  tape  all   joints  and  tighten  all  binding 


nuta  with  a  wrench.  Cheek  the  indication  of  the  ammeter  by 
turning  on  the  lights.  It  should  show  a  discharge.  Start  the  en- 
gine and  increase  its  speed.  Note  the  indication  of  the  ammeter 
with  the  lamps  turned  off.  The  ammeter  should  indicttte  a  charg- 
ing current  as  soon  as  the  cutout  ctoseB.  ,  .  , 
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Esch  equipment  is  furnishe<1  with  a  priming  attai-hmcnt  so  that 
the  (iriming  valve  may  be  a]ierateil  from  tlic  seat.  The  inHtatia- 
lioD  of  this  eijuipmeat  is  shown  at  K,  L  and  U  iu  Fig.  109. 

Operation,  Care  and  Precantiont 

The  electrical  unit  must  not  be  run  with  the  battery  diseon- 
Dected,  unless  the  small  wire  is  removed  from  the  binding  i>oNt 
on  the  generator.  Clean  the  brushes  on  generator  and  the  motor 
ocrasionally.  Watch  tbe  adjustment  in  the  eUain,  and  lubriealr  it 
•rich  heavy  engine  oil  or  transmission  grease.  About  onee  a  woclc 
far  ordinary  use  of  the  car,  put  three  or  four  drops  of  oil  in  the 


small  holes  of  the  upper  and  lower  bearings  on  the  commutator 
tt  the  electrical  unit.  Examine  the  battery  about  once  a  v 
«nd  pat  distilled  water  in  it  often  enough  to  prevent  the  li 
from  getting  below  the  upjier  edge  of  the  plates.  Kxaniinc 
eonnections  to  the  battery  to  malie  sure  tlicy  are  solid  and  nia 
good  electrical  connei'tions.  Remove  any  appearance  of  c< 
and  cover  the  terminals  with  vnseline.  It  is  not  advisable  to  nse 
the  starter  needlessly,  that  is,  do  not  crank  the  engine  with  the 
ignition   switch  pnrposely  ojien. 

Do  not  continue  crauliiug  the  engine  if  it  docs  not  start  and  run 
voder  itB  own  power  after  cranking  for  5  to  lU  seconds  at  most. 
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Eramlne  the  ignition  system,  carbureter,  gasoline  supply,  etc.,  to 
try  and  ascertain  the  difficulty.  Always  make  sure  that  the  igni- 
tion spark  is  not  too  far  advanced  when  cranking  the  engine,  as  it 
may  backfire  and  cause  serious  damage.  The  brushes  and  the 
commutator  on  the  generator  and  the  engine  should  be  cleaned 
occasionally. 

The  bulba  lecommeaded  for  use  with  this  system  are  7-  to  S-volt 
tungsten  for  the  side,  dash  and  tail  lamps.  The  candlepower  of 
any  two  lamps  of  the  same  voltage  that  are  to  bo  connected  in 
series  should  be  the  same.  Thus  the  dash  and  tail  tamps  should 
have  the  same  candlepower  if  they  have  the  same  voltage  rating. 


Fio.  113 — VompU 
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CHAPTER  X 

Splitdorf  System  for  Fords 

THE  Splitdorf  electrical  system  for  the  Ford  is  &  Bingle-onit, 
two-wire  type  in  which  the  generator  output  Is  controlled  by 
a  special  field  winding.  The  battery  coneists  of  sii  cells  arranged 
in  two  groups  of  three  cells  each.  These  two  groups  of  cells  are 
connected  in  series  by  a  special  starting  switch  when  the  starting 
motor  is  in  operation  and  in  parallel  when  the  starting  switch  is 
in  its  normal  position,  that  is,  the  starter  operates  on  12  volts  and 
the  lamp  on  6  volts. 

Preparation  of  Engine 

Beaove  the  radiator  and  all  the  water  connections  from  their 
clamp  couplings  at  the  engine.  BemQve  the  fan  and  its  raouutiug, 
and  turn  the  engine  over  by  hand  until  the  pin  holding  the  fan 
pulley  is  perpendicular,  and  then  drive  the  pia  out  through  the 
bole  in  the  engine  base.  Drive  out  the  pin  holding  the  ratchet 
clutch  on  the  end  of  the  starting  crank  and  pull  out  the  crank. 

Bemove  the  bolts  marked  B  and  C  in  Fig.  114,  but  before  re- 
moving the  nut  A  entirely  from  the  bolt  tie  a  piece  of  twine 
around  the  threads  below  the  nut  to  prevent  the  bolt  from  drop- 
ping in  the  motor  base  or  the  crankcase.  If  the  bolt  should 
happen  to  drop  it  will  remain  in  the  hole  and  a  sharp  blow  on  the 
crankcase  directly  under  the  bolt  will  cause  it  to  jump  forward  . 
and  it  may  be  caught  with  the  fingers. 

Mounting  Crankshaft  Sprocket 

Place  the  adjustable  bracket  in  position  and  secure  it  to  the 
engine,  using  the  bolts  supplied  at  B  and  C  and  the  nuts  formerly 
on  the  old  bolts.  The  bolts  holding  the  lower  part  of  the  bracket 
should  be  tightened,  as  it  is  important  that  this  part  be  held 
tight  to  the  engine.  ■ 
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Now  place  the  split  taper  sleeve  A,  Pig.  115,  on  the  engine  shaft 
and  drive  tlie  pin  B  througli  the  holes  in  the  sleeve  and  shaft, 
which  should  be  in  alignment  with  each  other,  until  it  is  flush 
with  the  sleeve  on  both  aides.  With  the  key  in  position  in  the 
sleeve  drive  the  sprocket  C  on  the  sleeve,  the  keyway  registering 
with  the  key.  The  nut  D  now  should  be  turned  on  the  end  of  the 
sleeve.  This  causes  the  sprocket  to  become  well  seateil  on  the 
taper  portion  of  the  sleeve  and  at  the  same  time  causes  the  split 
end  of  the  sleeve  to  grip  the  engine  crankshaft. 

Replace  the  starting  crank,  start  the  chain  under  the  sprocket 


and  with  the  starting  crank  turn  the  engine  over  slowly  until 
the  chain  is  drawn  through  for  about  half  of  its  length,  making 
sure  that  the  chain  is  working  freely. 

Mounting  the  Electrical  Unit 

Fasten  the  electrical  unit  to  the  adjustable  bracket  with  the 
three  bolts  and  lock  washers  furnished.  This  operation  can  be 
accomplished  very  easily  by  tilting  the  bracket.  Plaee  the  chain 
in  position  over  the  sprocket  on  the  end  of  the  abaft  of  the  elec- 
trical unit,  join  the  ends  of  the  chain  with  the  pin  and  lock  the 

' t;oo;,lc 
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pin  with  a  washer  aod  cotter  pio.  Align  the  crankshaft  and  gen- 
erator motor  sprocket  by  the  adjustable  bracket  hinge  bolt.  Ad- 
just the  chain  to  its  proper  tension,  that  is,  without  any  undue 
amount  of  slack. 

The  aluminum  fan  pulley  is  made  in  two  parts  and  ciamps  over 
the  Ford  fan  pulley.  The  new  pulley  is  held  in  position  by  four 
screws  and  lock  washers.  Fill  the  recess  of  the  fan  with  grease 
and  replace  the  fan,  using  the  original  bearing  stud,  and  place 
the  fan  belt  in  position  and  adjust  it  to  the  proper  tension. 

Installing  the  AK%ing 

Prepare  the  dash  of  the  car  for  the  wiring  by  cutting  the  holes 
shown  in  Figs.  116  and  117.     Hole  A  in  Fig.  117  is  for  the  ignition 


switch.  Hole  B  is  for  the  lighting  and  dimming  switch  and  hole 
C  for  wires  leading  to  the  indicating  automatic  switch.  The 
bote  A  may  be  omitted  unless  a  magneto  is  to  be  used  for  ignition. 
Bore  B,  %-inch  hole  in  the  permanent  floor  board,  shown  in  Fig. 
116,  following  the  dimensions  given  for  its  location.  Install  the 
Starting  switch  with  the  front  of  the  switch  lengthwise  with 
and  facing  the  front  right-hand  side  of  the  car.  At  the  same  time 
the  lighting  and  dimming  switch  should  be  placed  in  position, 
with  the  coil  end  of  the  switch  facing  down. 
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All  the  wire  terminals  are  marked  to  correspond  with  similar 
marks  on  all  parts  of  the  installation.  Lay  the  wiring  assembly 
in  the  frame  of  the  car,  connecting  the  wires  to  the  front  of  the 
dash,  as  ehawn  in  Fig.  116.  Reference  to  Fig.  119  will  aasiat  the 
installation.  Connect  the  wires  to  the  indicating  automatic 
switch  in  accordance  with  the  diagram  on  the  back  of  the  switch, 
after  which  fasten  the  switch  to  the  eteering  column  ahout  3^ 
inches  from  the  dash.     Connect   the  wires,  as  marked,  to  corre- 


sponding terminals  on  the  electrical  unit  and  also  to  the  starting 
switch. 

Holes  should  be  drilled  in  the  cross  braces  of  the  frame  in 
front  to  accommodate  the  headlight  wires.  Place  the  wires  in 
position  and  secure  them  with  clips,  using  a  conduit  to  protect 
the  leads  where  they  pass  under  the  starting  crank.  These  clips 
and  conduit  are  supplied  with  the  equipment,  and  the  method  of 
mounting  them  is  shown  in  Fig.  119. 

Intttdlbig  Storage  Battery 

Prepare  the  curved  running  board  guard,  or  splash  apron,  for 
the   battery  leads  and  the   running-board   for  securing  the   bat- 
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tery  box,  as  shown  in  Fig.  118  and  fasten  it  securely  in  place  with 
bolts,  nuts  and  lock  washers,  all  furnished  with  the  outfit.  Place 
the  battery  in  the  box  with  the  outside,  end  terminals,  toward  the 
car.  Pass  the  extension  cables  under  tbe  wood  sill  and  over  tha 
channel  steel  frame  nf  the  car,  connecting  the  extension  leads 
from  the  battery  to  the  starting  switch  as  marked  and  to  cor- 
responding terminals  on  starting  switch  and  battery.  The  meth- 
od of  installing  the  battery  cables  is  shown  in  Fig.  120. 

Indicating  Antomatic  Switch 

Tbe  indicating  automatic  switch  is  connected  in  the  circuit  be- 
tween the  generator  and  the  storage  battery.  Its  primary  func- 
tion is  to  close  the  circuit  between  the  generator  and  storage  bat- 
tery when  the  voltage  of  the  generator  exceeds  the  voltage  of  the 
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battery,  and  it  also  serves  to  break  or  open  this  circuit  when  the 
voltage  of  the  battery  exceeds  tbe  voltage  of  the  generator.  The 
switch  is  equipped  with  an  indicating  dial  which  shows  whether 
or  not  the  battery  is  being  charged. 

Special  Starting  Switch 

The  starting  switch  performs  tlie  additional  function  of  con- 
necting the  two  sections  of  the  storage  battery  in  series  whea 
the  starting  motor  is  being  operated.  When  the  starting  switch 
is  depressed  the  two  6-volt  units  of  the  battery  are  connected 
in  series  by  certain  connections  in  the  switch  and  a  13-volt  cut- 
rent  is  supplied  to  the  electrical  unit,  which  now  is  operating  as  a 
motor.  Tliis  change  in  battery  connection,  however,  does  not 
affect   the   voltage  applied  to  the  lamps,  as   they  are  connected 
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to  one  OT  tbe  other  of  the  6-volt  Beetiona  alt  the  time.  When  the 
staitiag  switch  is  in  its  normal  position  the  two  6-Tolt  sectiona 
of  file  batterj  are  connected  in  parallel  and  cfafkrged  as  any  6-volt 
batter7  would  be  charged. 

Path  of  Current  • 

The  generator  and  starting  motor  eireuits  may  be  traced  1^ 
reference  to  the  wiring  diagram  given  in  Pig.  119.  Starting  with 
the  terminal  marked  +  D  on  the  generator  pass  along  the  amall 
■  wire  to  the  terminal  on  the  indicating  automatic  switch  marked 
+  D,  through  the  heavy  winding  in  the  automatic  switch  and  out 
to  the  terminal  marked  +  B,  then  to  the  terminal  -f-  A.  on  the 
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■tarting^  switeli,  where  the  current  diTtdes,  one  branch  going  to 
tiie  -|-  A  on  the  battery  and  through  the  battery  to  —  A  on  the 
ttarting  switch  and  the  other  branch  going  to  the  jumper  in  the 
switch  to  +  B  on  the  starting  switch,  then  to  +  B  on  the  battery 
through  the  battery  to  —  B  on  the  starting  switch.  The  point 
—  B  —  D  on  the  starting  switch  is  common  to  the  negative  ter- 
minal of  both  sections  of  the  battery  and  is  connected  to  the  nega- 
tive terminal  of  the  generator  marked  —  D. 

When  the  starting  switch  is  depressed  the  circuit  may  be  traced 
from  the  battery  terminal  -f-  A  to  •{-  A  on  the  starting  switch, 
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through  the  starting  switch  to  the  terminal  -)-  U,  thenito  th« 
terminal  +  M  on  the  electrical  unit,  through  the  winding  of  the 
electrical  unit  to  the  terminal  marked  —  B  —  D  on  the  starting 
switch,  then  to  —  B  on  one  section  of  the  battery,  through  this 
section  of  the  battery  to  -|-  B  on  the  battery,  then  to  -f  B  on  the  ■ 
starting  switch,  through  the  switch  to  —  A  on  the  switch,  to 
— A  on  the  battery,  through  the  battery  to  4-  A  which  completes 
the  circuit 

Care  of  Electrical  Equipment 

The  electrical  unit  should  be  oiled  at  least  every  1,000  miles 
by  inserting  five  or  six  drops  of  medium  high  grade  oil  in  the  oil 
holes  at  the  ends  of  the  unit.  Watch  the  alignment  of  the  elec- 
trical unit  80  that  the  chain  runs  perfectly  true,  and  keep  the 
chain  reasonably  tight- 
Keep  the  commutator  clean,  wiping  it  off  with  a  cloth.  If  it 
becomes  blackened  or  roughened  it  may  be  cleaned  and  smoothed 
up  w^h  a  piece  of  00  sandpaper.    Never  use  emery  paper.    Care- 


■RUWTII/IQ  ROARD  FEEDER 
'•CLLAT  UNDER  BATTERY  BOX 
Fig.  120— ifctftud  d/  inatalHng  battery  cables 

fully  clean  all  dust  and  particles  of  sand  from  the  commutator 
and  from  between  the  segments  after  uaing  the  sandpaper. 

Do  not  change  the  position  of  the  brushes  and  do  not  alter  the 
tension  of  the  brush  holders.  See  that  the  brushes  make  good 
electrical  contact  with  the  commutator  surface,  that  they  are  not 
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induljr  worn  and  that   the  bnisb   leads   do  not   rub   against  the 


If  the  electrical  eontacta  in  the  starting  switch  wear  abnor- 
mally, see  that  the  foot  pedal  of  the  switch  is  not  etuck  in  the 
floor  boaril.  The  hole  in  the  floor  board  should  be  large  enough  to 
prevent  the  pedal  spring  from  rubbing  against  the  floor  board- 
See  that  proper  contact  is  made  when  the  starting  switch  returns 
to  its  normal  position.  The  contacts  and  various  electrical  oon^ 
nections  can  be  examined  hy  removing  the  cover  of  the  starting 
switch. 

If  the  battery  is  removed  from  the  car  or  disconnected  for  any 
reason,  th»  electrical  unit  must  be  protected  by  connecting  a 
wire  across  the  posts  ■+■  D  and  —  D. 

To  prevent  an  excessive  drain  on  the  battery  and  to  increase 
tlic  ease  of  starting  in  cold  weather,  it  is  imperative  to  lead  the 
carbureter  choke  rod  to  the  dash,  where  it  will  -be  readily  ac- 
;csaible  at  all  times.  • 
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CHAPTER  XI 

Dyneto  System  for  Fords 

THE  Dyneto  system  for  Fords  is  a  siugle-unit,  single-wire  ays- 
tern.  The  electrical  unit  is  mounted  on  a  special  bracket 
attaebed  to  tbe  left  side  of  the  engine,  and  its  armature  shaft  is 
connected  to  the  crankshaft  of  the  engine  by  a  silent  chain.  The 
fan  is  driven  by  a  belt  which  runs  over  a  special  pulley  mounted 
on  the  end  of  the  shaft  of  the  electrical  unit.  A  front  view  of 
the  unit  complete  is  shown  in  Fig.  121. 

Preparing  the  Engine 

In  addition  to  the  tools  supplied  with  the  Ford  car,  you  will 
need  a  small  wrench  or  strong  slip  pliers  and  a  hacisaw. 

KemoTe  the  radiator  brace  rod  from  the  radiator,  disconnect 
the  carbureter  primer  wire  from  the  carbureter  bo  it  will  lift 
ofC  with  the  radiator.  Remove  the  radiator  by  taking  off  the 
nuts  on  the  bolts  that  hold  the  radiator  to  the  frame,  disconnect- 
ing the  rubber  hose  connections  where  they  are  fastened  to  the 
elbows  on  the  engine. 

Bemove  the  fan  bolt  by  unscrewing  the  nut  at  the  back  and 
remove  the  fan.  Take  the  bolt  out  of  the  fan  and  cut  the  old 
fan  pulley  off  with  the  hacksaw  just  where  the  bevel  begins,  or 
nearest  to  the  fan,  and  smooth  off  the  surface  with  a  file.  Fill 
the  small  pulley  with  heavy  grease.  Place  the  red  felt  washer 
over  the  hub  left  on  the  fan,  then  place  tbe  pulley  over  the  hub. 
Place  the  fan  bolt  through  both  the  fan  and  the  pulley,  com- 
pressing the  felt  washer  by  forcing  the  pulley  on  the  fan  until 
the  shoulder  on  the  bolt  sticks  out  of  the  pulley  about  ^  inch, 
and  then  screw  the  four  set  screws  as  tight  as  possible,  turning 
each  screw  an  equal  amount  until  all  are  tight.  The  fan  is  now 
ready  to  be  replaced  on  the  engine  in  the  old  position  after  the 
other  equipment  is  installed. 
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Tate  the  ratcliet  clutch  off  of  the  end  of  the  starting  crank 
bj  removing  the  pin,  and  take  out  the  starting  crank.  Drive  the 
pin  out  of  the  fan  pulley  on  the  crankshaft  and  remove  the 
pulley.  Remove  the  second,  fourth  and  fifth  bolts  from  the 
engine  hase  on  the  right  side  as  ;ou  face  the  car.  Remove  the 
nut  on  the  bolt  to  the  right  of  the  first  cylinder,  and  if  this  bolt 
turns  while  taking  off  the  nut  a  piece  of  twine  should  be  tied 


around  the  threads  on  the  bolt  before  the  nut^is  removed  entirely. 
to  prevent  it  from  falling  into  the  crankcase. 

Installing  Drhnng  Sprock^ 

Place  the  twenty- sis- tooth  sprocket  on  the  front  end  of  the 
engine  Crankshaft,  and  fasten  it  securely  in  place  with  the  %• 
inch  pin  supplied  with  the  outfit.  Insert  the  lock  spring  in  the 
groove  provided  in  the  sprocket.  Replace  the  starting  crank  and 
attach  the  ratchet  clutch  to  it  by  means  of  the  pin, 
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butalUng  Moimtnig  Bracket 

Place  the  mounting  bracket  in  position  on  the  side  of  the 
eii|;ine  with  the  H-'ieh  hole  over  the  bolt  to  the  right  of  the  first 
cylinder,  placing  the  washer  over  the  bolt  first  and  using  the 
special  nut  with  the  holes  in  it  to  go  on  the  bolt.  Place  the 
remaining  three  bolts  in  position,  placing  the  spacers  and  waahera 
under  the  bracket  and  lock  washers  on  all  the  bolts  below  the 
nuts.    All  four  nuts  now  can  be  tightened. 

Moonting  Electrical  Unit 

Mount  the  electrical  unit  on  the  bracket  with  the  studs  through 
the  bushings  in  the   bracket  and  allow  the   unit   to  rest  in  this 


position  without  placing  the  nuts  on  the  studs.    Insert  the  outer 
two  bushings  in  the  bracket  until  they  come  through  flush. 

Disconnect  the  chain  where  it  ia  joined  with  the  special  links 
and  place  it  in  position  around  the  driving  sprocket  on  the 
crankshaft  and  the  small  sprocket  on  the  shaft  of  the  electrical 
unit  and  reconnect  the  two  ends.  The  small  pin  for  connecting 
the  chain  Unks  should  be   toward  the   radiator  or  the  front  of 
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All  four  of  the  adjuBtinff  bushings  now  may  be  fMjrewed  into 
the  mounting  bracket  an  equal  amount  to  keep  the  electrical  unit 
level  and  at  the  aama  time  tighten  the  driving  chain,  being  care- 
ful to  get  the  tension  adjusted  so  you  can  just  move  the  chain 
by  slapping  it  with  your  fingers.  Clamp  the  adjusting  bushings, 
and  before  turning  the  nuts  the  last  turn  push  the  electrical  unit 
toward  the  rear  of  the  engine  aa  far  as  you  can,  which  will  put 
the  chain  in  alignment.  Then  tighten  all  four  of  the  nuts.  Turn 
the  engine  over  a  few  times  by  hand  to  see  that  everything  is 
free  and  that  the  timer  rod  does  not  strike  the  driving  chain. 
Should  the  rod  strike  the  chain,  bend  the  rod  to  clear  it  in  all 
positions. 

Bemove  the  bolt  on  the  outer  side  of  the  flange  on  the  car- 
bureter, and  place  the  small  sheet  steel  positioning  bracket  on 
the  bolt,  replacing  the  bolt  and  nut.  The  bracket  should  project 
.  upward.  The  primer  wire  should  go  through  the  small  hole  in  the 
bracket  and  be  fastened  to  the  lever  on  the  carbureter  where 
the  old  primer  wire  was  attached.  Drill  a  small  hole  ia  the  dash 
for  the  new  primer  wire  to  go  through  so  that  it  is  convenient  to 
pull  from  the  driver's  seat,  while  starting  the  motor. 

Put  the  fan  in  position  and  mount  it  with  the  old  fan  bolt, 
putting  a  special  washer  between  the  pulley  and  the  bracket. 
Place  the  fan  belt  in  position  and  tighten  it  as  in  ordinary  cases. 

Motnting  the  Battery 

Drill  two  W-in.  holes  in  the  right  running  board,  as  shown  in 
Pig.  122,  and  two  1-in.  holes  in  the  splash  plate.  Place  the  bat- 
tery box  in  position  with  the  two  wood  pieces  under  the  box, 
having  the  holes  in  line  with  thoqe  in  the  bottom  of  the  box, 
then  place  the  battery  in  the  box,  and, put  the  long  bolts  through 
the  holes  in  the  battery  box  and  running  board.  Use  short  wood 
pieces  under  the  running  board  for  the  bolts  and  iron  washers, 
then  place  two  nuts  on  each  bolt,  one  serving  as  a  lock  nut. 

Starting  and  Lighting  Switches 

The  starting  switch  has  three  positions  marked  off,  neutral  and 
start.  The  switch  may  be  locked  in  the  off  position  so  that  the 
ear  cannot  be  started  even  by  hand,  as  the  ignition  also  is  con- 
trolled  by   the   same   switch.     The   neutral   position   ia   for  long 
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drives  with  a  fully  charged  batterj,  and  in  tbis  position  the  arma- 
ture of  the  electrical  unit  will  operate  just  the  Bame  mechanically 
yet  it  will  not  generate  any  electrical  energy  and  chaige  the  bat- 
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Fig.  123 — Complete 


tery  needlessly.  The  position  marked  start  is  for  starting.  This 
position  also  is  for  running  when  the  lights  are  being  used  or  the 
battery  is  being  charged. 

The  lighting  switch  should  be  installed  within  easy  reach  of 
the  driver.  Its  electrioal  Qgnnections  are  shown  in  the  wiring 
diagram  in  Fig.  123, 
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EUctric  Wiring 

After  the  electrical  unit,  storage  battery  and  starting  switch 
are  in  place  the  wiring  easily  may  be  installed.  The  proper  size 
of  wire  and  the  approximate  lengths  for  each  connection  are 
shown  in  the  wiring  diagram  ia  Fig.  123.  After  all  the  wires  are 
in  position  they  should  be  anchored  securely  to  prevent  their 
working  loose  at  their  terminal  connections  or  coming  in  con- 
tact with  rough  edges  and  comers.  Be  sure  that  all  electrical 
connections  are  good  and  tight  and  that  all  joints  in  the  wires 
are  well  insulated.  The  large  battery  wires  should  be  well  insu- 
lated where  they  pass  through  the  splash  plate.  The  wire  con- 
nected to  the  negative  terminal  of  the  battery  should  be  grounded 
to  the  frame  of  the  car  as  shown  diagranmatically  in  Fig.  123. 

The  lamps  recommended  by  the  Dyneto  company  are  marked 
on  the  wiring  diagram.  The  type  of  base  required  will  depend 
upon  the  style  of  socket  in  the  lamps  on  the  car  or  those  selected 
by  the  owner  if  new  lamps  are  put  on. 

Cure  of  Electrical  System 

Oil  the  electrical  unit  every  few  days,  perhaps  once  a  week 
for  ordinary  driving,  wiping  off  all  eicess  oil  and  any  dirt  which 
tufty  accumulate.  Examine  the  wiring  to  see  that  all  connections 
are  tight  and  that  the  wires  are  not  being  damaged  by  rubbing 
against  sharp  edges  or  corners.  Inspect  -the  commutator  occa- 
sionally, and  should  it  be  found  dirty  or  rough  clean  it  off  with 
a  rag  and  smooth  down  the  surface  with  a  piece  of  00  sandpaper. 
Be  sure  that  the  brushes  are  clean  and  make  good  contact  with 
the  commutator.  If  the  brushes  are  removed  for  any  reason,  be 
sure  to  replace  them  in  exactly  the  same  position. 

Keep  the  battery  clean  and  secuTely  fastened  in  place  and  above 
all  do  not  allow  it  to  stand  in.  a  discharged  condition.  Fill  each 
cell  with  distilled  water  each  week  or  so  to  replace  the  liquid 
that  baa  evaporated. 

Watch  the  chain  tension,  especially  for  the  first  few  hundred 
miles  after  the  system  has  been  installed,  as  it  will  stretch  quite 
a  bit. 

If  the  electrical  unit  fails  to  start  the  engine  when  the  start- 
ing switch  is  thrown  to  the  position  marked  start  do  not  leave  the 
switch  in  that  position  but  turn  it  to  the  off  position.     Turn  on 
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the  lamps,  and  If  they  'bnm  brightly,  try  starting  the  electrical 
unit  again  and  watch  the  lamps.  IE  they  do  not  decrease  in 
candlepower,  it  ia  quite  likely  that  there  is  an  open  circuit  in  the 
starting  circuit,  at  the  switch  contacts,  terminal  connections,  or 
the  brushes  may  not  be  in  electrical  contact  with  the  commuta- 
tor due  to  ercessive  wear  of  the  bniBhea  or  a  dirty  commutator. 
Examine  the  circuit  carefully,  and  remedy  any  apparent  trouble. 

If,  with  the  lamps  turned  on  and  the  starting  switch  thrown  to 
the  start  position,  the  lamps  drop  slightly  in  candlepower  and^ 
the  electrical  unit  does  not  turn  the  engine  over,  the  trouble  may 
bo  due  to  a  loose  connection,  roughened  or  dirty  commutator, 
brushes  worn  or  not  well  fitted  to  the  surface  of  the  commutator, 
weak  brush  springs,  or  the  armature  or  field  windings  may  be 
grounded  or  otherwise  defective. 

If,  with  the  lamps  turned  on  and  the  starting  switch  thrown 
to  the  start  position,  the  lamps  burn  very  dimly  or  not  at  all, 
the  trouble  is  probably  due  to  the  battery,  and  a  thorough  in- 
spection of  it  should  be  made  to  see  that  the  terminals  are  clean 
and  that  there  is  ample  solution  in  each  of  the  cells  to  cover  the 

If  the  motor  starts  but  turns  the  engine  very  slowly,  the  trou- 
ble is  likely  due  to  too  much  resistance  in  the  circuit  or  a  defec- 
tive or  discharged  battery.  The  high  resistance  may  be  due  to 
the  use  of  too  small  wire,  loose  terminals  at  the  battery,  start- 
ing switch  or  electrical  unit,  poor  electrical  contact  in  the  start- 
ing switch,  rough  or  dirty  commutator,  worn  out  brushes,  insuffi- 
cient tension  on  the  brushes  to  keep  them  in  contact  with  the 
commutator.  Look  for  weak  or  partially  discharged  battery, 
which  may  be  due  to  grounds  or  short-circuits,  unnecessary  use 
of  the  lights  when  the  engine  is  not  run  enough  to  keep  the  bat- 
tery charged,  or  unnecessary  cranking  of  the  engine  when  it  will 
not  pick  up,  due  to  poor  adjustment  of  the  carbureter  or  faulty 
ignition. 
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North  East  System  for  Fords 

THE  North  East  system  for  Fords  ia  a  two-wire,  12-volt,  or  24- 
volt,  single-unit  chain-drive  type  of  equipment,  but  it  is  dif- 
ferent from  the  usual  form  of  chain  drive  inasmuch  as  two  sep- 
arate chains  are  used  in  forming  the  mechanical  connection  be- 
tween the  crankshaft  of  the  engine  and  the  shaft  of  the  electrical 


unit.  As  the  system  is  no  longer  in  production  this  section  will  be 
devoted  to  the  operation  and  care  o(  tbe  installation.  Wiring  dia- 
grams of  the  system  are  given  in  Figs.  124,  125  and  126. 

Operation  and  Care 

In  starting  the  engire  turn  on  the  ignition  switch  jind  set  the 
Bpark  lever  and  gas  throttle  to  the  best  running  position.  Press 
the  starting- switch  button  the  full  length  and  hold  it  there  nntil 
the  engine  runs  under  its  own  power  and  then  allow  the  starting 
button  to  return  to  its  normal  position.  If  the  engine  should 
fail  to  start  after  spinning  it  5  to  10  seconds,  open  the  starting 
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Bwiteh  and  make  a  careful  examination  of  the  following:  Sea 
that  the  spark  plugs  are  clean,  the  carbureter  properly  adjusted, 
the  ignition   in  good  order,  gasoline  at  the  carbureter. 

The  chains  and  sprockefa  must  be  kept  clean,  and  after  each 
cleaning  apply  a  little  grease  to  the  inside  aurface  of  the  chains. 
Be  careful  that  the  chain  aprockets  be  kopt  in  good  alignment 
and  a  moderate  tension  maintained  in  each  chain. 

Keep  all  parts  of  the  electrical  equipment  clean  and  inspect 
the  various  connections  occasionalty  to  see  that  they  are  tight 
ani)  making  good  electrical  connection.  Keep  the  cover  on  the 
rear  of  the  electrical  unit  in  place.  It  should  be  removed  only 
when  it  ia  necessarj'  to  inspect  the  commutator  and  brushes.     In- 


spect the  commutator  occasionally  and  keep  it  clean  and  smooth 
and  the  brushes  in  good  contar-t. 

If  the  electrical  unit  is  removed  for  any  reason,  it  ie  advisable 
to  tape  the  ends  of  the  cabled  to  prevent  damage  which  may  re- 
sult from  ahort-cireuits  or  grounds  occurring.  The  end  of  the 
cables  should  be  carefully  tagged  so  that  no  mistake  will  be  made 
In  reconnecting  them  when  the  electrical  unit  again  is  installed. 

In  case  it  is  necessary  to  run  the  electrical  unit  with  the  bat- 
tery removed  or  disconnected,  remove  the  small  10 -amp.  fuse 
located  over  the  brushes  inside  the  detachable  cover  at  the  rear 
end  of  the  electrical  unit.  Be  aure  to  replace  this  fuse  when  tho 
battery  again  is  connected  in  circuit.  The  blowing  of  this  fuse 
may  be  the  cause  of  tlie  geueiatur  not  charging  the  storage 
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If  Huch  is  the  cane,  it  ahouli]  be  replaced  with  another 
the  same  kind  anil  aame  current  capacity,  but  under  no 
a  wire  inateacl   of  the   fuse,  aa  the  generator 
may  be  seriously  damaged  without  the  protection  of  the  fuse. 

The  bearings  of  the  electrical  unit  will  not  require  any  outside 
lubrication  as  they  are  packed  in  a  special  lubricating  com- 
pound. 

The  wiring  should  be  inspected  to  see  that  it  is  properly  sup- 
ported and  protected  at  points  where  there  is  danger  of  exposed 
ends  coming  together  or  where  there  is  a  possibility  of  damaging 


^^^ 


rff 


M 


the  insulation.     Inspect  the  starting  and  lighting  switches  occa- 
sionally for  loose  connections  and  dirty  or  burnt  contacts. 

If  the  battery  becomes  discharged  under  normal  use,  without 
apparent  cause,  and  the  fuse  under  the  cover  on  the  rear  end 
of  the  electrical  unit  is  not  blonn,  the  wiring  and  connections 
Khould  be  examined  carefully.  If  there  are  no  shorts  or  grounds 
on  the  system  and  the  battery  continues  to  lose  its  charge,  there 
is  more  than  likely  something  wrong  with  the  battery.  If  the 
car  stands  idle  for  any  great  length  of  time,  it  is  best  to  run 
the  engine  every  three  or  four  weeks  to  liven  np  the  battery,  as 
'    an  idle  battery  will  discharge  gradually. 
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CHAPTER  XIII 

Lighting  Installations  for  Fords 

THERE  are  a  few  inatallations  of  simple  lighting  generators 
with  or  without  battery  but  which  have  no  means  for  crank- 
ing the  Ford  engine.     During  the  last  few  years,  the  stock  Ford 


Fig,    127 — InstaUotion   of  QenoUte  charging  generator  on   a 
Ford  car 

has  been  electric  lighted  from  the  magneto.  Consequently,  thi 
number  of  special  lighting  installations  is  smalt.  Three  of  thv 
1  installations  are  described  briefly  here: 


Genolite  System  for  Fords 

The  Genolite  electrical  equipment  for  the  Ford  car  consists  of 
&  charging  generator  and  6-volt  storage  battery.     The  generator 
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ia  mounted  on  a  special  bracket  tvhich  is  attached  to  the  left 
^de  of  the  engine  and  driven  hj  an  extra  long  fan  belt,  which 
runa  over  a  flanged  pulley  on  the  shaft  of  the  generator,  aa 
shown  in  Fig.  127.  Tb«  etorage  battery  ia  arranged  to  be 
mounted  in  a  steel  box  on  the  running  board  and  is  held  securely 
in  place  by  strong  holddown  bolts,  which  are  attached  to  the 
handles  of  the  battery  and  pass  through  the  running  board  with 
lock  washers  and  nuts  on  the  unijer  side. 

The  output  of  the  generator  and  the  connection  between  the 
generator  and  the  battery  are  taken  care  of  by  a  Ward  Leonard 
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combination  cutout  and  controller.  The  controller  ia  of  the  con- 
stant-current type,  that  is,  it  tends  to  maintain  the  current  out- 
put of  the  generator  constant  for  all  car  speeds  above  approxi- 
'mately  9  ni.p.h.  The  controller  is  adjusted  for  a  charging  curreni. 
of  7  amperes.  The  combined  cutout  and  controller  is  mounted 
integral  with  the  generator. 

The   control   switch   is   mounted   on    the   steering   post   within 
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easy  reach  of  the  driver  at  all  times.  It  is  of  the  two-gang  type, 
and  the  lights  may  be  turned  on  full  candlepower  or  they  may 
be  dimmed  for  city  driving.  The  dimming  of  the  headlights  is 
accomplished  by  using  bulbs  equipped  with  two  filaments.  Two 
of  thia  type  of  bulbs  are  supplied  as  a  part  of  the  Genolite  equip- 
ment. One  of  the  Slameots  gives  a  full  candlepower,  and  the 
other  gives  a  dim  light  for  meeting  anti-glare  regulations. 

Hendricks  System  for  Fords 

The  Hendricks  lighting  generator  is  of  the  permanent-magnet 
type.    It  is  arranged  to  be  mounted  on  a  special  bracket' attached 
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to  the  left  side  of  the  Ford  engine  and  is  driven  by  a  special 
V-shaped  belt,  which  runs  over  a  small  pulley  on  the  end  of  the 
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generator  shaft  and  a  larger  special  pulley,  which  ie  attached  to 
tbe  fan  and  driven  bj  the  fan  belt.  The  battery  is  arranged  to 
be  mounted  on  the  running  board,  and  the  connection  betireen  it 
and  the  generator  is  made  and  broken  by  an  electromagnetic  cut- 
out. A  complete  Hendricks  permanent  magnet  generator  ia  shown 
in  Fig.  128.  All  the  ueceaaary  wires,  each  cut  to  the  proper  length, 
are  supplied  with  each  outfit. 

Kemco  System  for  Fords 

The  latest  Kemco  syslem  ia  of  the  6-volt,  two-unit,  single-wire 
type.  The  generator  and  starting  motor  both  are  mounted  on 
the  same  special  casting,  which  takes  the  place  of  the  timing 
gear  cover. 

The  generator  ia  of  special  construction  and  Is  driven  direct 
from  the  crankshaft  of  the  engine  by  a  V-belt,  which  is  claimed 
not  to  stretch  or  slip  as  ail  ordinary  belt. 

The  power  of  the  raotor  is  transmitted  to  the  crankshaft  of 
the  engine  by  a,  strong  roller  chain  and  a  special  set  of  gears. 
The  roller  chain  becomes  inoperative  the  instant  the  engine  starts 
to  run  under  its  own  power  faster  thap  the  ele'^trical  motor  tends 
to  arive  it  by  an  overrunning  clutch  mounted  in  the  large  gear  . 
on  the  engine  crankshaft, 

A  wiring  diagram  of  the  complete  iuetallation  ia  shown  in 
Fig.  12S. 
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CHAPTER  XIV 
Atwater  Kent  System  for  Fords 

BEPOEB  starting  the  installation  of  tho  type  K-3  Atwater 
Kent  ignitioD  syeteni  for  Forda  the  following  list  of  material 
should  be  checked  carefully  to  see  that  everything  required  ia  on 
hand.     The  different  essential  parts  are  shown  in  Fig.  130. 

Material  Included  in  Outfit 

1 — Four-cylinder  K.-2  Unisparker  mounted  on  special  gearcase 
cover  to  (it  in  place  of  standard  Ford  gearcase  cover,  shown 
at  A  in.  the  figure. 

2 — A       spiral       drive 

3 — One  Atwater  Kent 
ignition  coil  with 
switch  complete, 
C. 
4 — Flexible  double- 
conductor  cable 
for  connecting 
the  Uniaparker 
and  coil.  This 
cable  ia  attached 
to  the  Unisparker 
when  shipped  and 
is  shown  at  D  in 
AtKiater  ''^^  figure. 

5 — Two     cotter     pins 
for  pulley,  E. 
6 — Four  wood  screws,  F,  for  attaching  the  coil  to  tho  dash. 
7 — A  special  socket  wrench,  G. 
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Addititmal  Material  Required 

In  addition  to  the  material  supplied  the  following  ahould  be 
provided: 

Eleven  feet  of  high-grade  secondary  wire  having  an  outaids 
diameter  not  eieeeding  A  in. 

Flexible  stranded  primary  wire — if  car  is  a  roadster,  15  feet; 
if  touring  car,  25  feet. 

8ii  cells  of  dry  battery  or  a  6-volt  storage  battery. 

Tools  Required 

The  only  tools  required  for  completing  the  installation  are 
screwdriver,  pair  of  pliers,  monkey  wrench,  hacksaw  and  p6cket 
knife. 

Making  the  Installation 

1 — Remove  Ford  coil  box  and  all  ignition  wiring. 
2 — Remove   radiator  as   follows: 
a — Drain  off  circulating  water. 

b — Remove  the  right  headlamp  when  facing  the  radiator. 
c — Unbolt   upper   water   connection   and   loosen   hose   connec- 
tion on  side  of  engine,  so 
as   to   leave   both   sections 
of   hose   connected  to   the 
radiator.      It   is   easier   to 
unbolt    the   wa 
tion  flange  thai 
and  replace  the  upper  hosi' 
d — Loosen  brace -rod  cheek 
nut  at  dash  and  unscrew  rod  from  radiator. 
e — Remove  nuts  from  feet  of  radiator  and  radiator  may  be 
lifted  oil. 
i — Remove  fan   and   fan  bracket  and  cut   off  lug,  as   shown   in 

sketch,  Fig.  131. 
4 — Remove  adjusting  screw  and  looknut  from  present  gearcover 
and  place  same  iu  the  new  gearcover  furnished  with  outfit, 
Fig.  133. 
5 — Remove  commutator  by  taking  off  nut,  washer  and  pin,  sliding 

6 — Remove  cotter  pins  from  pin  in  (an  pulley  on  crankshaft,  Pig. 


;G(.H)'.^le 


180 


AUTOMOBn>E  ELECTEICAL  SYSTEMS 


133,  and  drive  out  pin  which  runs  clear  through  (he  ahaft. 
This  pulley  must  he  moved  forward  on  the  erankahaft  about 
14  inch  to  set  the  new  geareover  in  place,  after  which  it  is  moved 
back  to  ila  original  position,  new  cotter  pins  being  provided 
in  case  the  original  ones  are  damaged  in  removing. 

7 — Remove  geareover,  using  the  special  socket  wrenfh  provided 
with  the  outfit  for  taking  out  the  bolts  which  are  next  to  the 
crankshaft. 

8 — Remove  semi-eircular  piece  of  felt  from  groove  in  Ford  gear- 
cover  where  it  fits  over  the  crankshaft  and  replace  in  new 
geareover  furnished  with  outfit. 

fi— Place  spiral  gear  of  Afwatcr  Kent  system  on  camshaft  in  the 
place  formerly  occupied  by  the  commutator  and  set  up  tight, 
applying  plenty  of  grease  to  teeth  "of  spiral  gear. 

10 — Be  sure  that  the  paper  gasket  used  betwo  n  the  oH  (,ear 
cover  and  crankcase  is  i  goo  I  o  dton  anl  f  (ra  f  rr  1 
carefully  to  the  new  install  at  o 
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13 — Remove  spark  plug  in  cylinder  No.  1  next  to  radiator. 
14 — Bring  piston  in  No.  1  cylinder  up  exactly  to  high  dead  center 
at  top  of  compression  stroke. 
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Timing  the  Engine 

1 — Set  clamp  under  Uniaparker  bo  that  Uniaparker  maj  be  turned 
in  ita  bearing.  For  accurate  setting  it  should  be  clamped  just 
tight  enough  to  turn  fairly  hard.  Then,  grasping  the  Uni- 
aparker firmly,  turn  it  slowly  and  steadily  in  the  opposite 
direction  to  the  hands  of  a  clock  until  a  click  is  heard.  Stop- 
ping exactly  at  the  point  where  the  click  waa  heard,  lock  the 
Unisparker  fast  by  tightening  up  clamp  bolt.  lu  caae  the 
Uniaparker  is  turned  bo  that  the  cable  which  projects  from 
the  aide  interferea  with  the  fan,  turn  the  Uniaparker  a  full 
quarter  turn  until  the  next  click  is  heard. 
2 — Take  off  distributor  cap. 

3 — Note  the  direction  in  which  the  distributor  block  on  the  upper 
part   of   the   distributor   points   and   replace   the   cover.      The 
terminal  to  which  it  points  will  connect  to  the  spark  plug  in 
cylinder  No,  1  and  the  apark  will  be  timed  to  occur  exactly  on. 
center.     The  diagram  in  Fig.   135  showa   the   relation   of  the 
diatributor  terminala  to  the  apark  pluga  and  in  applying  tliia 
to  your  inatallation  the  diatributor  terminal  to  which  the  iliS' 
tributor  block  points  always  will  be  No.  1   and  will  conneet 
to  cylinder  No.  1.     The  other 
terminals  will  connect  to  the 
remainder  of  the  apark  plugs 
in  accordance  with  the  order 
of  firing  of  the  Ford  engine, 
which  is  1-2-4-3,  the  other  dis- 
tributor  terminals  connecting 
to  theae  plugs  in  rotation. 
If   spark   timing   is   done   ac- 
curately according  to  theae  in- 
struct iona,    the    timing   will    be 
correct  for  the  maximum  power, 
speed     and    flesibility     of     the    *"'"■  ^33— Removing  ptn  that  hoMg 
g„gl^^_  ""!  pallty  on  the  vrankahaft 

Once  set,  the  spark  is  controlled  automatically  by  the  gov- 
erning device  in  the  base  of  the  Uniaparker,  and  the  spark 
ia  timed  with  automatic  preciaion  for  any  apeed.  It  alwaya  is 
retarded  automatically  for  slow  starting  and  for  hUl  climbing, 
and  automatically  advanced  for  any  apeed  of  which  the  engine  ia 
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capable.      Once   properly   timed, 
it  should  require  no  further  at- 

Before     proceeding    with     the 
wiring,  complete  the  mechanical 
installation  as  followa: 
1— Replace   breather   cap   taken 

from  old  gearcover. 
2— Replace  fan  and  bracket  on 

new  gearcover,  making  sure 

that  grease  cup  on  fan  is  full 

of  grease. 
3 — Replace  radiator  as  follows: 

a — Set  radiator  in  position. 

b — Connect  upper  and  lower  water  coupling.    Note  tliat  gasket 
is  in  good  conditioE. 

e — Bolt  radiator  in  place,  taking  care  not  to  set  up  springb 
under  the  bolts  too  tightly. 

d — Beplace  cotter  pins  in  lock  nuts. 
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e — Connect  brace  rod  from  daah  to  radiator,  screwing  it  first 
into  radiator  and  then  tightening  up  lock  nut  at  daah. 
4 — Replace  lamp. 

5 — Replace  apark  plug  in  No.  1  cylinder. 

6 — Mount  Atwater  Kent  coil  on  center  of  dash  ao  that  round  head 
of  brace  tod  fits  in  apace  counter-borgd  for  it  on  back  of  coil. 
The  necessary  screws  for  mounting  the  coil  on  daah  are  pro- 
vided with  the  outfit. 
After  mounting  coil,  proceed  with  wiring,  aa  follows: 
Bun  the  black  primary  cable,  which  is  connected  to  the  intet' 
rupter,  up  along  the  brace  rod,  fastening  it  thereto  with  a  few 
turns  of  adhesive  tape,  and  thenco,  through  one  of  tho  holes  left 
by  the  original  coil  wires,  to  the  coil  where  the  two  wirea  are 
connected  to  the  two  binding  posts  at  one  end  of  the  coil  marked 
"INT,"  Fig.  135. 

Secondary  Ground  Connectt<m 

From  the  bottom  of  the  coil  a  wire  should  be  run  from  the  post 
marked  "GBD"  through  hole  in  dash  to  one  of  the  bolts  fasten- 
iug  the  steering  column  to  dash.  In  making  this  connection  to 
this  bolt,  the  wire  should  be  bared  for  about  1^  inch,  bent  into  a 
U-shape  and  inserted  between  dash  and  washer.  Do  not  wrap 
wire  around  bolt  several  times. 

Tho  main  high-tenaion,  or  secondary,  terminal  of  the  coil  la 
protected  with  an  inaulating  cover,  which  unscrews  to  enable 
connection  to  be  made  at  binding  post. 

Cut  away  the  insulation  from  the  secondary  wire  for  a  distance 
of  about  1^  in.,  cutfing  the  insulation  back  neatly  and  leaving 
no  stray  wires,  also  being  careful  not  to  cut  the  wire  when  remov- 
ing the  rubber  covering.    This  is  shown  by  A,  Fig.  137. 

Unscrew  the  secondary  terminal  cover  and  push  this  up  on 
the  wire  in  such  a  way  that  after  the  connection  is  made  it  can 
be  brought  down  over  the  connection  and  screwed  tight. 

Pass  the  wire  about  three-quarters  of  the  way  throngh  the 
hole  in  brass  terminal. 

Bend  the  end  of  the  wire  back  on  itself  to  make  one  complete 
turn,  as  shown  in  E  and  C,  Fig.  137.  These  wires  should  not  be 
soldered. 

Ering  down  the  insulating  collar  and  screw  it  down  on  the 
terminal  so  as  to  seat  against  the  rubber  gasket  at  the  bottom 
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of  the  terminal.  It  is  not  neceaaary  to  have  this  any  tighter  than 
can  be  set  with  the  lin{;ers.  Do  not,  under  any  circumstances, 
use  pliers  for  this  purpose. 

Correct  Order  of  Firing 

The  order  of  firing  on  the  Ford  ear  is  l-2-4-3j  Jn  other  words, 
the  spark  occurs  first  in  cylinder  No.  1,  No.  2,  No.  i  and  No.  3 
cylinders  respectively. 

To  find  the  proper  connections  to  the  distributor,  note:  When 
the  distributor  cap  is  replaced  on  the  Unisparker — it  will  fit  only 
in  one  position — the  terminal  to  which  the  distributor  IHock 
points  after  the  engine  is  timed  properly  is  always  No.  1  ami 
should  be  connected  to  spark  plug  in  cylinder  No.  1.  The  next 
terminal  in  rotation  is  No.  2,  and  should  connect  to  the  spark  plug 


in  No.  2,  The  third  one  connects  to  cyiThder  No.  4,  and  the  last 
one  to  cylinder  No,  3,  keeping  in  mind  that  the  direction  of  rota- 
tion of  the  distributor  is  contrary  to  the  hands  of  a  clock. 

The  wires  leading  to  cylinders  Nos.  3  and  4  should  be  of  suffi- 
cient length  to  run  up  to  the  radiator  brace  rod,  to  which  they 
should   be   taped,   and   then   down   to   their   respective   cylinders. 
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thus  keeping  thom  free  from  contact  with  any  heated  parta  of 
the  engine 

Battery  Installation 

Use  SIX  dry  eella  eonnected  in  series  A  6  volt  storage  bat- 
tery may  be  used  if  desired  The  carbon  of  one  cell  connects  to 
the  zmc  of  the  ne:et,  and  bo  on,  leading  at  one  end  of  thi  bat- 
tery a  free  carbon  terminal  and  at  the  other  a  zini,  terminal 

On  the  Ford  touring  car,  the  batlerv  can  best  be  located  under 
the  rear  Beat,  the  cells  bting  installed  in  a  standing  position 

On  the  roadster,  the  cells  are  placed  in  the  rcceptaLle  back  of 
the  gasoline  tank  and  should  ho  on  their  sides 

Batteries  <ihould  be  inHtalled  so  that  thev  are  fastened  firmly 
in  placo  and  are  insulated  from  each  other  and  from  any  metal 
parts  on  which  they  might   ground 

Tht  pasteboard  covering  on  the  dry  cells  is  utterly  useless  as 
permanent   insulation,    therefore,   the   cells   should   be   separated 


from  each  other  by  wooden 
;  that  they 


r  paper  wedges,  and  care  should  ba 


Battery    Wiring    and 
Connectioiis 

From  the  post  marked 
"P08"  on  the  coil  run  a 
wire  down  from  the  engine 
side  of  dash  and  along 
frame,  up  under  seat  to  the 
point  where  the  battery  is 
installed.  This  wire  should 
be  connected  to  the  carbon 
post  of  the  battery. 

Another  wire  should  run 
from  the  post  marked 
"NEG"  on  the  coil  in  the 
0amo  manner,  and  connects 


! 


These  i 


1  may  be  fastened  with  insulated  staples  to  the 
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wooden  strips  or  other  wooden  parts  over  which  they  run.  Care 
aliould  be  taken,  however,  not  to  drive  two  staples  close  together, 
neglect  of  this  detail  being  a  frequent  cause  of  grbands  and  short- 
eircuits. 

Adju»ttnent  of  Contact  Point* 

The  only  adjustable  feature  of  the  Atwater  Kent  system  aside 
from  the  initial  timing  is  in  the  contact  points.  These  are  adjust- 
able only  for  natural  wear.  The  initial  adjustment  made  at  the 
factory  should  be  good  for  several  thousand  miles  of  service. 

The  contact  screw  is  provided  with  several  shim  washera 
against  wliich  it  is  set  up  tight.  When  the  points  eventually 
become  worn,  they  should  be  dressed  flat  and  smooth,  after  which 
a  HufGcieut  number  of  washers  should  be  removed  so  that  when 


Fig.  138 — Parts  of  AlK 


the  contact  screw  is  set  up  tightly  it  will  maintain  the  proper 
gap  between  the  points. 

This  distance  between  the  contact  points  should  be  the  thick- 
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neas  of  a  tMu  viBiting  card,  say  0.010  inch  to  0.012  inch.     The; 
abould  never  touch  when  at  rest. 

Precaution*  in  Maintenance 

Do  not  attempt  under  any  condition  to  alter  or  change  the 
■  adJQBtment  of  any  of  the  parts  of  thie  system,  Each  part  is 
exactly  right  in  shape.    Each  spring  has  the  proper  tension. 

The  operation  of  the  contact  maker  is  so  rapid  that  It  cannot 
be  followed  with  the  eye,  and  because  you  cannot  actually  see  the 
contact  made  and  broken  do  not  be  deceived  into  thinking  that 
the  contact  maker  is  inoperative  or  that  it  is  defective  or  worn. 

The  notched  shaft  and  lifter,  also  latch  which  operates  the 
contact  spring,  are  all  of  glass-hard  steel  and  their  movement  is 
so  slight'  that  they  are  subject  to  practically  no  wear  whatever. 


Oiling 

Use  a  small  amount  of  light  lubricating  oil  on  moving  parts 
at  intervals  of  500  miles.    Avoid  getting  oil  on  the  contact  points,   ' 
Fig.  138. 
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Locating  Trouble 

If  at  any  time  the  engine  misses,  da  not  immediately  jump  to 
the  coneluaion  that  it  la  due  to  the  spark  or  the  ignition  s^item. 
There  is  far  greater  bkelihood  that  it  may  be  elsewhere 

If  missing  or  falling  off  in  speed  la  encountered,  look  first  t* 
the  valves,  note  that  they  are  free  and  seat  properly 
3 — -Note  that  there  is  good  compression  in  each  ejhnder. 
2 — ^Look  at  the  carbureter.     Make  sure  it  is   correctly  adjusted 
and   in    good    order.      Note   carbureter    instructions    in    Ford 
manual. 
If  after  looking  over  the  valves  and  carbureter  you  are  con- 
vinced that  the  trouble  b  with  the  spark,  proceed  as  follows: 
t— Look  over  wiring,  making  sure  that  all  battery  and  other  con- 
nections are  tight.    A  loose  wire  will  cause  jerking  of  the  car 
and  irregular  miasing,  dropping  two  or  three  or  more  explo- 
sions at  a  time. 


£ — Take  off  one  spark  plug  wire,  and  note  that  the  apark  is  at 

least  ^-inch  long.     If  so,  it  should  be  sufBcient. 
S^ — Then  test  batteries,  which  should  show  at  least  3  to  5  amperea. 
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4 — If  batteries  are  good,  examine  primary  wiring  and  contact 
points.  If  points  are  too  far  apart,  adjuat  these,  leaving  the 
gap  about  the  thickness  of  a  thin  visiting  card.  Hoto  that  the 
points  should  never  touch  when  at  rest. 

5— If  spark  at  the  plug  wire  is  ^-inch  or  longer,  try  a  new  plug 
first  in  one  cylinder,  then  in  the  next  and  bo  on  until  all  cylin- 
ders have  been  tested.  If  this  fails  to  locate  the  difficulty, 
examine  the  secondary  wiring  between  the  distributor  and 
pings.  Any  plug  under  suspicion  should  be  replaced  with  a 
,  new  one.    Simply  cleaning  will  not  neceesarily  restore  it. 

Type  H    Atwater  Kent  Unisparker 
The  chief  difference  between  the  type  H  and  type  K-2  system 

is  that  type  K-2  system  is  provided  with  an  automatic  spark  con- 
trol and  the  type  U  system  has  only  the  manual  control.     There 

i:-  also  quite  a  little  difference  in  the  mountings, 

The  different  essential   parts  of  the  outfit  are   shown  in   Fig 

140  and  should  include  the  following: 

1 — Four-cylinder  type  H  tTnisparker  mounted  on  bracket  with 
extended  shaft  and  bevel  gear,  A. 

2 — Flexible  double  conductor  cable  between  TTnisparker  and  coil. 
This  is  attached  to  Unisparker  when  shipped,  B. 

3 — Bevel-gear  pinion,  C. 

4 — Coil  complete  with  switch,  D, 

E — Four  screws  for  fastening  coil  to  dash. 

6 — Spark  advance  rod,  E. 

7 — Three  cap  screws,  F;  one  lock-washer,  G;  one  cotter  pin. 

Making  the  Installation 

1 — Remove  Ford  coil  box  and  all  ignition  wiring. 
2 — Remove  radiator  as  follows; 
a^ — Drain  off  circulating  water. 

b^RemovB  the  right  headlamp  when  facing  the  radiator, 
c^Unbolt  upper  water  connection  and  loosen  hose  connec- 
tion on  side  of  engine,  so  as  to  leave  both  sections  of  hose 
connected  to  the  radiator.  It  is  easier  to  unbolt  the  water 
connection  flange  than  to  remove  and  replace  the  upper  hosa 
connection. 
d — Loosen  brace-rod  check  nut  at  dash  and  unscrew  rod  fron 
ladiator.  , 
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e — Bemove  nuts  fiom  feet  of  radiator  and  radlstor  may  be 
lifted  oS. 
3^ — 'Remove  commutator  bj  taking  oB  nut,  waahei  and  pin,  sliding 

off  contact  arm  and  commutatof. 

4 — Remove  throe  bolts  from  the  gear  cover  marked  A,  Fig.  140. 

5 — Place   bevel-gear   pinion   on    timer   shaft,   using   lock   washer 

furnished  with  outfit  and  nut   which  held   timer  in  place,   140. 

6 — Place  Unisparker  with  bracket  ou  front  of  gear  cover,  holding 

it  in  place  by  the  three  eictra  long  bolts,  furnished  with  the 

outfit,  which  lit  into  the  holes  A,  Pig.  140. 

7 — Do  not  fasten  the  outfit  tightly  in  place,  but  leave  it  flo  that 

the  gears  can  be  un  me  shed  for  timing  adjustment. 
8— Connect  the  new  apark-advance  rod  provided  with  outfit 
between  the  ball  and 
socket  connection  on  the 
steering  column  and  the 
spark  advance  lug  on  the 
Unisparker.  This  spark 
advance  lug  should  point 
directly  tovi-ard  the  lever. 
The  spark  control  lever 
on  steering-wheel  should 
be  within  three  notches  of 
full  retard  or  the  upper 
stop  on  the  sector. 
9 — Remove  the  spark  plug 
in  cylinder  No.  1  next 

Fig.  Ul— Bevel  gear  mounted  in  place       lo— Bring    the    piston   in 
0/    commtt(a(ot-   for    driving    Atieater  .^      ,        .■    i 

Keni  ignition  No.   1   cylinder  up   ex- 

actly    to     high     dead 
center  at  top  of  compression  stroke. 

Timing  the  Engine 

1 — Slack  off  the  three  bolts  holding  the  Unisparker  bracket,  so 

as  to  leave  gears  out  of  mesh. 
2 — Remove   cap   of   Unisparker,   rotate   distributor   block   on   top 

of  shaft  counter-clockwise  nntil  it  points  to  the  right  at  right 

angles  to  the  engine. 
In  performing  this  operation  the  shaft  should  be  turned  very 
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slowly  and  steadily  until  a  click  is  heard.  The  spark  prodnced 
by  the  Unisparker  occurs  simultaneously  'with  this  click,  and  hold- 
ing the  shaft  .tightly,  the  bracket  should  be  pushed  toward  the 
gear  cover  to  mesh  the  gears  in  the  exact  position  at  which,  the 
click  occurred.     The  three  holts  which  hold  the  bracket  in  posi- 


tion then  should  be  set  up  tight,  thus  clamping  the  Unisparker  in 
position. 

If  in  meshing  the  gears  the  position  of  the  vertical  shaft  is 
such  that  two  teeth  meet  and  the  gears  will  not  mesh,  rotate  the 
vertical  shaft  back  in  a  clockwise  direction  just  sufficient  to 
enable  the  teeth  of  the  bevel  gears  to  mesh. 

If  timed  according  to  these  directions,  the  spark  of  the  Uni- 

■    .;le 
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sparker  will  oecar  eiactly  on  center  when  the  apark  advance  rod 
is  within  two  or  three  notches  of  fnll  retard. 

Before  proceeding  with  the  wiring,  complete  mechanical  instal- 
lation thns: 

I — Replace  the  radiator  as  follows: 
a — Set  radiator  in  position. 

b — Connect  upper  and  lower  water  couplings.     Note  that  gas- 
ket is  in  good  condition. 
c — Bolt  radiator  in  place,  taking  care  not  to  set  up  springs 

under  the  bolts  too  tightly, 
d — Replace  cotter  pins  in  lock  nuts. 

e — Connert  brace  rod  from  daah  to  radiator,  screwing  it  first 
into  radiator  and  then  tightening  up  lock  nut  at  dash. 
2 — Replace  lamp. 
3 — R^Iace  spark  plug  in  Xo.  1  crlinder. 

Mount  Atwater  Kent  coil  on  center  of  dash  so  that  the  roand 
head  of  the  brac«  rod  fits  in  the  space  counter-bored  Cor  it  on 
the  back  of  the  coil.  The  necessarv  screws  for  mounting  the 
coil  oo  the  dash  are  provided  with  the  outfit.  After  mounting 
the  coil  tbe  remainder  of  the  installation  is  the  same  aa  for  the 
typ?  E-2  system  and  the  same  instructions  mav  be  followed  from 
this  point  on. 
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CHAPTER  XV 

Dixie  HigK-Tension  Magneto  for  Fords 

To  prepare  the  oar  for  installation  of  the  Dixie  high-tension 
magneto  for  Fords,  first  remove  the  hood.  Open  peteoek  and 
drain  radiator.  Disconnect  radiator  brace  rod  and  push  it  back 
partly  through  the  dash  out  of  the  way  of  future  work.  Disconnect 
gas  piping,  or  sockets  and  lamp  -wiring,  if  the  machine  has  electric 
lighting  equipment,  leaving  lamp  parts  free. 

Next  remove  the  radiator  by  taking  out  nuts  holding  it  to  the 
frame  and  disconnecting  the  water  connections  from  their  clamp 
couplings  at  the  engine.  The  neit  step  ia  to  remove  the  fan  and 
connections.  Before  starting  this  it  is  important  to  see  that  the 
pin  holding  the  fan  pulley  is  in  a  perpendicular  position.  This 
can  be  done  easily  now  that  the  crank  is  on  the  engine.  The  pin 
must  be  over  the  hole  in  the  engine  base  to  be  in  position  to  be 
driven  through  it. 

Remove  the  bolt  holding  the  fan  bracket  at  engine  and  lift  out 
fan  and  fan  unit.  Drive  out  the  pin  holding  the  clutch  end  of  the 
starting  crank  and  pull  away  the  crank. 

With  pliers  remove  the  cotter  pins  holding  the  fan  pulley  in 
position,  and  with  an  ordinary  punch,  drive  the  pin  through  the 
hole  in  the  bottom  of  the  engine  base  previously  mentioned.  A 
smart  blow  on  the  pulley  will  free  it  from  the  crankshaft.  Now 
remove  the  spark  advance  rod  at  the  steering  post  and  timer. 
Free  timer  wires,  following  their  lines  to  dashboard,  where  all 
wires  are  disconnected  and  timer  and  wiring  are  free  from  the 
car.  Nest  remove  the  eight  screws  holding  the  timing  gear  front 
plate  to  the  engine  and  carefully  locate  the  position  of  each,  as 
they  wUl  be  used  for  new  plate.    See  Fig.  143, 

Driving  Gears  and  Magneto 

Before  putting  the  old  plate  aside,  take  felt  packing  from  the 
crankshaft  bearing  and  camshaft  timing  gear  stud  housing.  The 
Dixie  high-tension  magneto  outfit  having  in  the  meantime  been 
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unboxed,  this  packing  iininedia.tel7  can  be  replaced  correspond- 
ingly in  the  new  plate.  The  various  parts  of  the  outfit  are  shown 
in  Fig.  144. 

With  the  felt  packing  already  referred  to  fitting  snugly  in  the 
new  housing  and  bearing,  all  surfaces  thoroughly  clean  and,  pref- 
erably a  new  gasket  welt  shellacked  on  both  sides,  proceed  by 
placing  the  new  large  driving  gear  against  the  face  of  the  timing 


ioith  ilie  neiB  one  gJiown  in  Fig.  144 

gear,  at  the  same  time  being  sure  that  the  slotted  end  of  the  gear 
fits  over  the  ilat  side  of  the  timing  gear  clamping  nut;  this  acts 
as  a,  drive  for  the  Splitdorf  large  gear.  Now  lock  the  gear  securely 
with  the  lock  washer  and  castellated  nut  furnished;  this  nut  must 
be  screwed  on  the  stud  with  slots  against  the  gear.  Now  lock 
the  whole  with  the  cotter  pin  provided  with  the  outfit 

At  this  time  see  that  the  new  gears  are  greased  thoroughly  with 
non-fiuid  oil.     The  now  plate  will  be  found  to  line  up  perfectly. 
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Start  all  screws  pceviouslj  removed,  including  the  new  screws 
furnished,  into  their  relative  positions,  with  the  exception  of  the 
fan  screw,  and  tighten  up.  Remove  the  fan  belt  tig-htener  from 
the  old  plate  and  place  it  in  position  in  the  new  honsing.  Be 
sure  this  nut  is  tight. 

Before  replacing  the  magneto  on  its  base  the  not  holding  the 
magneto  coupling  should  be  turned  back  a  few  turns  to  permit 
the  magneto  coupling  to  turn  freely  on  the  magneto  shaft. 

Replace  the  atartiug  crank  and  bring  the  piston  of  No.  1  cyl- 
inder to  the  top  dead  center  of  the  egmpression  stroke,  place  the 


•  Tig.  14S — Complete  InataUatlon  of  the  Dixie  mugiieto 

on  a   Ford  car 

magneto  on  its  base  with  the  dowel  pins  in  the  housing  fitting 
properly  in  the  magneto  base  and  at  the  same  time  slide  the  pins 
of  the  coupling  into  the  holes  in  the  leather  disk  of  the  other  half 
of  the  magneto.  Now  remove  the  distributor  block  from  the 
magneto   by  loosening  the   thumb  nuts  and   turning   the   clamps 
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Bemove  the  cover  of  the  breaker,  exposing  the  whole  breaker 
mechaDism,  and  place  the  timing  lever  in  the  fullj  retarded  posi- 
tion. Turn  the  distributor  gear  until  the  platinum  points  of  the 
breaker  are  about  to  separate.  In  this  position  driv%  the  coupling 
ou  the  magueto  shaft  with  a  sharp  tap.  Secure  the  coupling  in 
position  hy  the  nut  on  the  magneto  shaft. 


Fig.  146 — Wiring  diagram  Jar  coHneeting  a  Dixie  magneto 

After  replacing  the  magneto  on  its  base,  secure  it  in  position 
with  the  cJamps  and  clamp  bolt.  The  complete  installation  is 
shown  in  Fig.  145. 

Wiring  the  Magneto 

The  cables  leading  from  the  spark  plugs  to  the  distributor  block 
must  be  connected  to  the  distributor  block.  Note  that  the  firing 
order  of  Ford  engines,  counting  the  cylinders  from  the  radiator 
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is  1-2-4-3;  No.  1  plug  firing  firat,  No.  3  second;  No.  4  third,  and 

No.  3  fourth. 

Connect  the  cable  leading  from  the  spark  plug  of  No.  1  cylinder 
to  the  terminal  on  the  distributor  block  which  is  in  line  with  the 
segment  on  the  distributor  disk.  The  cable  from  the  spark  plug 
of  the  second  cylinder  should  be  connected  to  the  ue±t  terminal 
to  the  left.  Connect  the  spark  advance  from  the  lever  end  of  the 
steering  post  to  the  magneto  by  the  long  connecting  rod  to  the  beli 
crank  on  the  housing  and  bell  crank  link  to  the  brass  rod,  lever  and 
link  to  timing  on  magneto.  A  bracket  intended  to  hold  the 
cables  in  position  is  fastened  to  the  motor. 

Now  remove  the  coil  box  from  the  dash  and  all  the  old  igni- 
tion wiring  connectious  and  use  the  plate  supplied  with  the  outfit 


to  cover  the  wiring  holes.  Cut  a  circular  hole  in  the  dash  for 
the  Dixie  magneto  switch  convenient  to  the  driver's  position. 
Connect  the  long  wire  to  the  grounding  stud  on  the  cover  spring 
of  the  Dixie  magneto,  and  at  "Magneto"  on  the  switch,  connect 
the  short  wire  at  "Ground"  on  switch  and  steering  post  mount- 
ing on  the  back  of  the  dash.    See  wiring  diagram.  Fig.  146. 

Kepi  ace    the    radiator    and    connections.      Be  fill    the    radiator, 
examine  the  spark  plugs  and  set  the  spark  plug  points  .20  to  .25 
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inch,  using  the  gage  on  the  actewdiiver  supplied  with  the  outfit 
for  that  purpoae. 

With  the  switch  lever  in  the  magneto  position,  and  the  spark 
lever  about  a  third  advanced,  crank  with  a  quick  snap  over  the 
compression.    If  properly  timed  the  engine  should  nrn. 

Care  of  the  Dixie 

The  beprings  of  the  magneto  are  provided  with  oil  cups,  and 
a  few  drops  of  light  oil  every  1,000  miles  are  sufficient.  The 
breaker  lever  should  be  lubricated  every  1,000  miles  with  a  drop 
of  light  oil,  applied  with  a  toothpick.  The  proper  distance  be- 
tween tbe  platinum  points  when  separated  should  not  exceed  .020 
or  1/50  inch.  A  gage  of  the  proper  size  is  attached  to  the  screw- 
driver furnished  with  the  Dixie.  Tbe  platinum  contacts  should  be 
kept  clean  and  properly  adjusted.  Should  the  contacts  become 
pitted,  a  fine  file  should  be  used  to  smooth  them  to  permit  them 
to  come  into  perfect  contact.  A  view  of  the  breaker  with  the 
cover  removed  is  shown  in  Fig.  147. 

The  distributor  block  should  be  removed  occasionally  and  in- 
spected for  an  accumulation  of  carbon  dust.  The  face  of  the  dis- 
tributor disk  should  be  cleaned  with  a  cloth  moistened  with 
gasoline  and  then  wiped  dry  with  a  clean  cloth.  Do  not  pull  out 
the  carbon  brushes  in  the  distributor  because  you  think  there  is 
'  not  enough  tension  on  the  small  brass  springs. 

To  obtain  the  most  efficient  results  with  the  Dixie  magneto  the 
normal  setting  of  the  spark  plug  points  should  not  esceed  .025 
inch  and  it  is  advisable  to  have  the  gap  just  right  before  a  spark 
plug  is  inserted.  The  spark  plug  electrodes  may  be  set  easily  by 
the  gage  attached  to  the  screwdriver  furnished  with  the  Dixie  mag- 
neto. The  setting  of  the  spark  plug  points  Is  an  important  func- 
tion which  usually  is  overlooked,  with  the  result  that  the  magneto 
is  blamed  when  it  is  not  at  fault. 

Faulty  ignition  may  be  due  to  various  causes,  and  a  careful  in- 
spection should  be  made  to  ascertain  whether  the  spark  plugs  or 
magneto  require  attention. 

A  spark  plug  may  be  short-circuited  by  a  piece  of  carbon  be- 
tween the  electrodes  and  body.of  the  plug.  Bemovlng  the  carbon 
particles  will  remedy  this  at  once. 
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CHAPTER  XVI 
Bosch  Magnetos  for  Fords 

THE  first  procedure  in  installing  the  gear  driven  Bosch  mag 
neto  on  a  Ford  car  iniludea  remoMiig  the  hood,  draiDing 
the  Tiater  from  the  radiator,  remoiing  the  LOila  from  the  dash 
board  nnd  loosening  the  holding  nut  of  the  radiator  rol  at  the 
radiator  end  After  detaching  the  nater  inlet  and  outlet  eon 
nectiona  at  the  engine  and  disconneiting  the  priming  \Mre,  as 
well  as  the  gas  or  eleetnc  connections  to  the  hetdlights,  the  radi 
ator  Itself  is  to  be  hftel  oS  and  the  fan  asaembl;  and  belt 
removed,  leaving  the  forward  end  of  the  engine  clear 

Next  to  be  remove!  are  the  actuating  rod  leading  from  the 
foot  of  the  steering  column  to  the  timer,  the  bolt  and  spring 
holding  the  timer  m  place  and  the  timer  case  with  contacts,  as 
well  as  (he  wires  leading  thereto,  all  of  which  mav  be  discarded 
The  hexagon  headed  nut,  washer  and  cotter  pin  holding  the  timer 
brush  assembly  are  to  be  removel  and  the  arm  and  roller  pried 
off  with  a  screwdriver 

The  lotter  pin  at  each  end  of  the  crankshaft  starting  pin,  on 
the  inside  of  the  lower  fan  puller,  is  to  be  withdrawn  and  the 
pin  itself  drnen  out  through  the  opening  in  the  engine  support 
The  starting  handle  or  crank  then  is  to  be  removed  and  the  lower 
fan  pulley  pried  loose  bv  two  strewdrivtra  placed  behind  it,  one 
on  each  side  In  order  that  the  fan  belt  mav  clear  the  Bosch 
gear  housing,  a  new  fan  drive  pulley  A — see  Pig  148  for  parts 
composing  the  gear  driven  outfit- — la  to  be  aubatituted  fur  the  old 
one  and  the  original  crankshaft  atartmg  pin,  with  cotter  pin  at 
each  end,  is  to  be  used  to  se  ure  it  m  place  Should  the  ends  of 
the  pm  project  beyond  the  rim  of  the  new  pulley,  they  are  to  be 
filed  down  fush  The  fan  belt  and  starting  crank  then  are  to 
be  replaced 

The  key  B  for  the  large  Bosch  gear  is  to  be  let  in  place  on  the 
camshaft  after  first  enlarging  the  hole  in  the  protruding  end  of 
the  shaft  by  the  A  inch  drill  C,  furnished  with  the  attachment 
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Any  burr  left  by  the  drill  is  to  be  filed  down  before  placing  the 
key  m  position 

The  aetond  and  third  bolts  holding  the  orankease  on  the  valye 
aiiie  of  the  engine  are  to  be  removed,  aiao  the  cylinder  front 
coier  tap  bolt  immediately  to  the  right  of  the  camshaft  The 
three  bolts,  two  \  ertical  and  one  horizontal,  at  the  base  of  the 
cylinder  front  cover  and  to  the  left  of  the  starting  prank,  are  to 
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Fig.  US — Entire  geararinn  Boech  outfit  for  Ford»  diaacmlilcd 

be  removed  and  their  heads  ground  down  about  half  way  so  as 
not  to  interfere  with  the  placing  of  the  Bosch  gear  housing. 

To  provide  soffleient  clearance  for  the  idler  section  of  the  Boach 
gear  housing  D,  an  opening  about  2  by  3  inches  is  to  be  cut  in  the 
engine  pan  directly  beneath  the  housing,  the  exact  location  and 
size  of  the  opening  being  determined  by  applying  the  housing 
loosely  to  the  engine,  first,  however,  attaching  to  the  housing 
the  magneto  supporting  bracket  E,  using  for  the  purpose  the  two 
hexagon -headed  cap  screws  F  and  washers  G.  The  positions  of 
the  four  bolts,  2,  securing  the  magneto  to  its  supporting  bracket 
are  to  be  marked  off  on  the  engine  pan  and  a  hole  abont  one 
inch  square  cnt  at  each  point  bo  that  the  magneto  may  be  removed 
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at  any  time  after  completion,  of  the  installation  merely  by  dii- 
connecting  the  coupling  and  withdrawing  the  four  magneto  bolts, 
2.  The  cutting  of  the  openings  in  the  pan  may  be  done  with  ham- 
mer and  coll]  chisel  and  an  ordinary  jack  used  to  support  the  pan 
during   the    operation. 

If  these  details  are  executed  properly  the  gear  housing  and  mag- 
neto bracket  should  drop  readOy  into  position,  Fig.  149,  This 
being  assured,  the  magneto  end,  1,  of. the  coupling  is  to  be  se- 
cured  to   the   magneto   shaft   by   the   nut,  washer   and   erescent- 
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shaped  Woodruff  key  accompanying  the  magneto.  The  magneto 
is  to  be  secured  to  its  supporting  bracket  by  the  four  bolts,  2, 
with  lock  washers,  3,  and  the  magneto  end,  1,  of  the  coupling 
*i3  to  be  connected  with  the  bolt  end,  i,  of  the  coupling  by  the 
four  slotted  hexagon-headed  bolts,  5,  and  leather  center  coupling 
piece,  6, 

In  assembling  the  coupling,  it  should  be  remembered  that  the 
leather  center  piece,  6,  is  intended  to  aSord  a  Hexibte  drive  from 
the  gears  to  the  magneto,  so  as  to  compensate  for  any  slight  irregu- 
larities in  alignment.     To  secure   the  flexible  drive  efEect,  how- 
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ever,  the  two  flanges  of  each  coupling  end,  4  and  1,  mnat  be  bolted 
directly  to  the  leather  center  piece  at  right  anglcB  to  each  other 
OT,  Iq  other  words,  tlie  fianged  ends  must  be  set  crosswise  one  to 
the  other,  using  all  four  bolts  provided  for  the  purpose.  Under 
no  circumstances  should  the  flanges  of  the  two  coupling  ends 
be  bolted  directly  together,  that  is,  in  a  straight  line  using  only 
two  bolts,  as  such  an  arrangement  would  give  a  rigid,  not  a  flexible, 

The  Bosch  gear  housing  cover,  7,  and  large  gear,  8,  then  are  to 
bo  removed  and  the  entire  attachment  mounted  on  the  engine  and 
held  loosely  by  the  four  supporting  bolts,  one  9  and  one  10,  for 
the  gear  housing  and  two,  10,  for  the  magneto  bracket,  the 
former  two  being  partially  tightened. 

It  is  possible  that  slight  inequalities  in  the  engine  casting  may 
interfere  with  the  proper  alignment  of  the  Bosch  outfit,  bo  that 
special  care  is  to  be  takec  that  both  lugs  of  the  magneto  bracket, 
E,  bear  on  the  flange  of  the  crankcase  and  that  the  two  holes  in 
the  bracket  lugs  register  with  those  in  the  crankcase  flange.  Any 
irregularities  which  exist  may  be  corrected  readily  by  slightly 
filing  the  face  of  the  Ford  oil  cup  casting,  or  the  shoulder  of  the 
Boach  gear  housing  resting  tbereon,  or  by  placing  washers  under 
both  lugs  of  the  magneto  bracket. 

lunhigtbe  Magneto 

The  dust  cover  over  the  magneto  armature,  also  the  alipring 
brush  bolder  farthest  from  the  engine,  arc  to  be  removed  now  and 
the  piston  of  No.  1  cylinder,  that- nearest  the  radiator,  brought  on 
top  dead  center  of  the  compression  stroke  and  maintained  so. 
The  magneto  armature  is  to  be  turned  by  band  by  its  coupling 
in  the  direction  in  which  it  is  to  be  drFven  until,  first,  the  metal 
slip  ring  segment  is  visible  in  the  alipring  groove  corresponding 
to  the  figure  "1"  of  the  brush  holder  which  has  been  removed 
and,  second,  the  trailing  end  of  the  armature  is  about  ft  inch 
from  the  pole  shoe  on  the  right  side  of  the  magneto,  viewed  from 
the  shaft  end.  The  ft -inch  distance  should  be  measured  as  shown 
by  the  letter  "E"  in  Pig,  150.  With  the  armature  held  in  this 
position,  the  large  gear,  S,  is  to  be  slipped  into  place  on  the  cam- 
shaft and  meshed  with  idler  gear,  11,  care  being  taken  to  see 
that  the  piston  of  No.  1  cylinder  has  not  moved  from  the  top 
dead  center  position. 
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Tt  IS  important  that  the  gears  should  not  mcah  too  tightly  ani], 
after  tightening  both  holts  siiiiporting  the  housiog,  it  should  be 
Been  that  there  is  appruiimatelv  the  same  play  between  the  large 
gear  and  the  idler  gear  as  between  the  idler  and  the  small  mag 
neto  gear  In  case  the  large  gear  meshes  too  tightly  the  two 
bolts  supporting  the  gear  housing  again  should  be  loosened  and 
the  entire  housing  shifted  shphtly  to  the  left,  Tihich  may  be  done 
quite  readily  as  the  two  bolt  holes  in  the  gear  housing  are  a 
trifle  oversize  In  like  manner,  the  housing  should  be  shifted 
slightly  to  the  right  m  case  it  is  found  that  the  gears  8  and  11 
mesh  too  loosely 

With  the  adjustment  of  the  gears  correct,  the  two  gear  housing 
supporting  bolts,  as  nell  as  the  two  bolts  securing  the  magneto 
bracket  to  the  crankiase,  are  to  be  permanently  tightened,  using 
for  the  two  bra<.ket  bolts  the  original  Ford  nutt,  and  new  lock 
washers,  3  The  original  nut  and  washer  also  are  used  on  the  end 
of  the  camshaft  to  retain  the  large  gear,  8  The  gear  housing,  D, 
is  to  be  packed  with  a  good  quality  grease  or  non  fluid  oil  and, 
after  carefully  fitting  the  papi.r  gasliet  12,  the  gear  housing  cover 
7  is  to  be  secured  in  place.  During  operation,  the  grease  cup,  14, 
of  the  Bosch  gear  housing  should  be  given  a  turn  every  day 
and  the  cup  itself  filled  with  grease  whenever  oil  is  supplied  to 
the  oil  cup  on  the  Ford  cylinder  front  cover. 

Cable  Connections 

The  8li|>ring  brush  holder  and  the  dust  cover 
over  the  magneto  armature  are  to  be  replaced 
and  the  four  high-tension  cables  connected  as 
follows : 

The«cable  marked  "1"  in  the  brush  holder 
farthest  from  the  engine  is  to  be  connected  to 
No.  1  cylinder,  while  the  cable  marked  "2"  in 
the  same  brush  holder  is  to  be  connected  to  No. 

2  cylinder.  The  cable  marked  "  1 "  in  the  brush 
holder  nearest  the  engine  is  to  be  connected  to 
No.  4  cylinder,  while  the  cable  marked  "2"  in 
the  same  brush  holder  is  to  be  connected  to  No. 

3  cylinder.    See  Fig.  151. 
The  firing  order  of  the  Ford  engine  is  1-2-4-3, 
All  cables  are  to  bo  led  under  the  arch  of  tho 
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magDeto  magnets  and  through  cable  guide  15,  supported  by  bracket 
10,  the  latter  being  secured  to  the  engine  by  the  middle  cylinder  head 
holt  on  the  magneto  side.    See  Pig.  l52. 

Completing  Installation 

After  engaging  the  short  connecting  rod,  17,  with  the  arm  of  the 
interrupter  housing  and  Becuring  it  in  place  by  washer  and  cot- 
ter pin,  the  advance  bracitet,  18,  is  to  he  act  across  the  first  two 
studs  holding  the  inlet  and. exhaust  pipe  clamps  and  is  to  bo  se- 
cured to  the  clamp  with  the  original  nuta.  If  necessary,  the 
shoulders  of  both  clamps  are  to  be  filed  down  to  permit  the  nuta 
to   faateii  properly  on  the  atuda.     The  long  connecting  rod,   39, 


passing  acroas  the  front  of  the  engine,  is  to  be  engaged  with  the 
ball  joint  of  the  foot  of  the  steering  column  to  which  the  timer 
rod  originally  was  connected. 

The  fan,  jmlley  assembly  and  belt  are  to  be  replaced  in  their 
former  position,  after  first  placing  spacing  washer  30  in  back  of 
the  driven  fan  pulley  to  align  it  with  pulley,  A,  on  the  crank- 
shaft.   See  Fig.  153. 

The  face  of  the  hole  in  the  dashboard  through  which  the  radia- 
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tur  rod  passes  ts  to  be  slightly  coanterauok  to  receive  the  head 
of  the  rod  and  permit  metal  plate  21  to  aet  snugly  against  the 
dash,  covering  the  holes  left  by  the  eoil  bos.  The  Bosch  key 
switch  22  also  is  to  be  fitted  and  connected. 

In  view  of  refinements  incorporated  in  (he  later  Ford  models, 
the  Bosch  installations  on  such  models  differ  slightly  from  those 
on  the  earlier  models.  The  points  of  difference  are  two,  namely, 
it  metal  dash  plate,  with  a  curve  cut  ont  of  the  lower  edge,  is  snp' 
plied  in  place  of  the  dash  plate  used  on  earlier  models  and  is  se- 


cured to  the  dash  by  the  four  bolts  used  for  securing  the  coil. 
The  other  point  is  that  the  original  cable  between  the  terminal 
on  the  Ford  magneto  and  the  eoil,  also  the  cable  between  coil 
and  lighting  switch,  is  to  be  discarded,  and  a  new  low-tension  cable 
is  to  be  connected  directly  between  the  generator  and  lighting 
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switch,  the  terminal  end  being  attnehed  to  the  flywheel  generator 
and  the  other  end  to  the  lighting  switch. 

The  radiator  is  to  be  returned  to  place  and  all  bolta  securing  it 
and  its  water  inlet  and  outlet  connections  tightened  up,  first, 
however,  applying  a  coat  of  shellae  or  white  lead  to  the  gasketa 
between  the  water  connections  an  I  the  engine  After  refilling  the 
radiator  the  engine  may  be  started  an^  te-^ted  and,  if  O  E  ,  the 
conneitiona  to  the  headhghta  are  to  be  replaced 

During  the  engine  teat,  the  operation  of  the  gears  espeLially 
should  be  noted  If  during  operation  the  gears  give  rise  to  a 
high  pitched  ring  the  indications  are  that  they  haie  been  meshed 
too  tightly,  while  a  rattling  noise  indicates  gears  meahed  too 
loosely  Either  condition  should  not  be  allowed  to  continue  but 
ahoul  1  be  corrected  m  aicordance  viith  the  matrmtious  under  the 
heading  Timing  the  Magneto 

Un  ler  proper  conditions  the  engine  can.  be  started  on  the  nlag 
neto  with  the  spark  fully  retarded  but  when  the  magneto  is  Bet 
acuordrag  to  the  instructions  the  spark  leier  may  be  safely  ad 
vance  1  about  half  and  in  this  position  will  permit  easier  start 
lUg  The  proper  gap  between  electrodes  of  spark  plugs  on  Ford 
machines  is  js  inch  and  it  should  be  seen  that  the  gaps  ere  mam 
tamed  thus  to  insure  the  best  operating  results 

The  timing  arrangement  suggested  results  in  ignition  taking 
place  when  the  piston  is  at  top  dead  center  of  its  compression, 
or  working  stroke,  the  spark  lever  being  fully  retarded  With 
thia  setting  the  best  results  are  obtained  on  a  Ford  car,  making 
it  poasible  for  the  engine  to  idle  down  to  especially  low  speed 
and  at  the  same  time  permitting  the  development  of  maximum 
power  at  both  high  and  low  engine  speeds 

Botch  Key  Switch 

To  permit  the  cutting  off  of  the  ignition  and  locking  it,  the 
Bosch  key  switch  is  proMdel  with  the  outfit,  and  is  attached  to 
the  dashboard  after  the  metal  plate  has  been  secured  in  place 

The  long  low  tension  wire,  24,  is  attai-hed  to  the  groun  ling 
terminal  on  the  cover  of  the  magneto  interrupter  housing  and 
brought  through  cable  guide  15  to  the  thumb  screw  at  the  end 
of  the  switch  barrel  The  short  low  tension  wire,  25,  is  led  from 
the  thumb  si.revk  on  the  toUor  clamp  of  the  switch  and  attached 
to  one  of  the  bolts  of  the  steering  gear      When  the  switch  but 

vie 
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ton  or  key  is  turned  a  quarter  turn  to  the  right  or  left,  the  primary 
is  not  grounded  and  the  magneto  produces  eurrent.  To  cut  oS 
the  ignition,  the  switch  button  or  key  is  turned  in  the  opposite 
direction  until  released,  when  the  primary  current  is  grounded 
and  the  magneto  is  made  inoperative. 

Chain-Driven  Bosch  Magneto 

In  the  installation   of  the  chain-driven   outfit   the  preliminary 


Fig    153 — Complete 

work  from  removal  of  the  radiator  to  removal  of  tie  timer  is  the    . 
same  as  with  the  gear  driven  outfit 

Proceeding  further,   the   second   and   fourth   bolts  holding  the 
crankcase  at  the  right  aide  of  the  engine,  viewed  from  in  front 
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of  the  car,  are  to  be  removed  anil  the  magneto  bracket,  A,  Fig, 
lij4,  placed  in  position,  bolts  B  holding  the  bracket  at  itfi  tsBe 
and  the  bolt  C  holding  the  extension  support  or  arm  to  the  lear 
of  the  casting  to  which  the  cylinder  front  cover  is  secured.  The 
bolt  C  takes  the  place  of  the  fan  bracket  bolt. 

It  is  possible  that  the  face  of  the  casting  to  which  the  exten- 
sion support  of  the  Bosch  bracket  is  to  be  fastened  may  be  rough 
and  uneven.  If  so,  a  few  rubs  with  a  Gle  will  provide  a  solid  and 
smooth  fit  for  the  face  of  the  bracket. 

Driving  gear  D  is  to  be  keyed  to  the  camshaft  by  the  special 
kej  B,  Fig.  148,  first,  however,  enlarging  the  hole  in  the  end  of 
the  shaft  by  the   ^-inch  drill  C,  as  in  the  gear-driven  installa- 


Fig,  154 — The  parts  of  the  Bosch  chain-driven  attachnienl 
tion.     The  hexagon  nut  and  washer  used  originally  to  secnre  the 
timer  brush  assembly  are  to  be  employedto  hold  the  gear  to  its 
shaft. 

The  hexagon-headed  tap  bolt  holding  the  cylinder  front  cover 
immediately  to  the  right  of  the  camshaft  should  have  its  head 
ground  down,  leaving  it  ^-inch  thick.  Part  of  the  projecting  rib 
of  the  cylinder  front  cover  directly  behind  the  starting  handle, 
-  also  the  lug  on  the  bottom  of  the  fan  bracket,  should  be  filed 
away  so  as  to  leave  proper   clearance   for  tlie   magneto   driving 
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The  small  gear  P,  Fig.  154,  is  to  be  aecurod  to  the  magneto 
shaft  by  the  nut,  washer  and  ere  scent -shaped  Woodruff  key  ac- 
companying the  magneto.  The  magneto  then  is  to  be  set  upon 
the  bracket  A  and,  after  timing  it  to  the  engine  as  with  the  gear- 
driven  outfit,  the  chain  is  to  be  slipped  into  place  over  the  gears 
D  and  F,  the  four  holding  bolts  Q  being  employed  to  eecnre  the 
magneto  in  position. 

Care  should  be  taken  that  the  magneto  in  set  parallel  with 
the  camabait  and  that  the  two  drive  gears,  D  and  F,  are  aligned 
properly. 

The  instructions  for  connecting  the  cables   of  the  gear-driven 


Fig.  155 — Bosch  attachment  for  Foria  icith  chatn  drive 

attachment  apply  also  to  the  chain-driven  attachment,  but  it 
should  be  noted  that,  as  the  magneto  locations  in  the  two  installa- 
.  tions  are  different,  the  wiring  for  the  chain-driven  outfit,  when 
completed,  will  difler  somewhat  fiom  the  other,  that  is,  the  right 
brush  holder,  instead  of  the  left,  will  be  connected  to  cylinders 
Nos.  1  and  2,  while  the  left  brush  holder,  instead  of  the  right,  will 
be  connected  to  cylinders  Nos.  3  and  4. 
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The  fitting  oC  the  metal  plate  and  key  switch  is  to  be  carried 
out  in  the  aaine  manner  as  in  the  gear-driven  inBtallation.  '  In 
connecting  the  timing  rods,  1  and  2,  the  former  is  to  be  engaged 
with  the  ball  joint  of  the  spark  advance  mechanism  at  the  foot 
of  the  steering  column  and  the  latter  engaged  with  the  arm  of 
the  magneto  interrupter  housing. 

Washer  3  is  to  be  placed  In  back  of  the  driven  fan  pullej  to 
set  it  forward  so  that  there  will  be  more  clearance  for  tlie  fan 
belt,  after  which  all  that  remains  is  to  replace  the  fan  aasemblj', 
radiator,  etc.,  aa  in  the  gear-driven  inatallation  and  the  work  is 
complete.     See  Fig.  155. 

In  conclusion,  it  should  be  noted  that  the  remarks  relating  to 
the  starting  of  the  engine,  timing  arrangement  and  proper  spark 
plug  gap  apply  also  to  the  chain-driven  Bosch  ford  attachment. 
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CHAPTER  XVn 

Vibrator-Les  Ignition  for  Fords 

AN  ignition  system  eliminating  the  vibrating  type  of  coil  and 
conventional  timer  is  made  by  the  New  York  Coil  Co.,  New 
Yorlt.  One  of  ita  many  advantages  is  that  a  rapid  and  positive 
interruption  of  the  primary  current  is  obtained  without  sacrificing 
the  possibility  of  thoroughly  saturating  the  primary  windings  of 
the  coil.  The  coil  is  of  the  non-vibrating  type,  is  specially  wound 
to  obtain  thorough  saturation  of  the  primary  circuit  and  eliminates 
the  tegular  Ford  dash  unit,  which  is  replaced  by  a  neat  panel  con- 
taining a  two-point  switch.  The  new  coil  is  supported  by  a  special 
bracket  which  is  attached  or  bolted  to  the  studs  of  the  intake  mani- 
fold. 

bitem^ition  It  Poutive 
The  device  producing  the  break  or  interiuption  of  the  primary  ■ 
circuit,  which  is  mounted  oh  an  elevating  gear  bracket,  is  shown 
in  Pig.  156.  It  is  a  simple  apparatus,  one  that  is  practically  fool- 
proof, and  a  construction  that  requires  no  attention  other  than  an 
occasional  adjustment  of  the  contact  points.  The  operation  of 
the  breaker  is  novel,  as  it  combines  magnetic  and  mechanical  ac- 
tion, one  checking  the  other,  and  the  possibility  of  the  points 
fusing  or  sticking  is  eliminated.  This  is  an  advantage,  particu- 
larly when  the  engine  ia  started  by  manual  cranking. 

How  Breaker  b  Made 

The  breaker  includes  an  armature,  D,  carrying  a  contact  point, 
H,  Fig.  156.  Directly  under  the  armature  is  a  magnet,  E,  con- 
nected in  series  with  the  primary  winding  of  the  n  on- vibrating 
coil.  The  member  C  ia  supported  at  one  end  by  a  stiff  spring  ar- 
ranged normally  to  exert  a  downward  pressure  to  keep  the  contact 
points  separated.  The  part  C  also  engages  a  hooked  section  of  the 
armature,  further  assuring  normal  separation  of  the  contact  points. 
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Breakmg  the  Circuit 

The  closing  of  tho  circuit,  or  engagcmeDt  of  the  contact  points, 
is  obtained  wlien  one  of  the  four  steel  pina  of  the  rotating  member 
B  contacts  \rith  the  member  C.  This  raises  the  member  C  and 
allows  the  armature  D  with  its  point  to  contact  with  the  fixed 
point  L,  which  is  in  the  form  of  a  screw.  This  screw  is  carried  in 
a  support,  and  the  former  is  slutted  so  that  it  is  a  simple  matter 
to  make  any  required  adjustments. 

The  circuit  is  completed  through  the  magnet  B  when  the  con- 
tact points  meet,  and  the  magnet  is  so  energized  and  the  circuit  so 


rapidi7  established  and  broken  that  a  shower  of  sparks  is  ob- 
tained from  the  secondary  of  the  coil.  This  action  continues  dur- 
ing the  time  the  pin  makes  mechanical  contact  with  the  member 
C.  After  the  pin  separates  the  armature  assumes  the  position 
shown  in  the  illustration,  thus  breaking  the  primary  circuit  and 
preventing  fusing  or  sticking  of  the  points  as  previously  ex- 
plained. 

The  Vibrator-Les  system  eomes  complete  with  all  wires,  cables 
with  terminals,  also  a  tube  for  supporting  the  high-tension  leads. 
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Inttalling  die  Sytton 

The  timer  on  the  engine  is  removed  ami  by  taking  ofE  the  nut 
and  prying  off  the  small  collar,  a  pin  will  be  found  which  should 
be  pushed  or  driven  out  and  then  by  means  of  a  screwdriver  the 
part  carryiog  the  roller  and  the  spring  of  the  old  timer  can  bo 
pried  off  the  shaft.  The  loose  gear  accompanying  the  new  bracket 
is  slipped  on  the  abaft,  the  same  pin  and  collar  being  used  to  f aaten 
the  gear  to  the  shaft.    The  nut  should  be  tightened  securely. 

The  bolt  located  directly  under  the  oil  filler,  which  holds  the 
end  plate  to  the  crankcase,  is  removed,  as  is  likewise  the  bolt  on 


TO  PLUS 


the  opposite  side.  The  bracket  then  is  placed  in  position,  having 
first  loosened  the  upper  bolt  that  tightens  the  fan  belt.  See  that 
the  bracket  fits  inside  the  central  turned  out  surface  of  the  end 
plate  and  by  two  longer  bolts  furnished  with  the  outfit  secure  the  , 
bracket  in  position.  Care  must  be  exercised  to  see  that  the  brack- 
ets fit  properly  in  the  turned  out  section.  Due  to  some  variation 
present  in  the  end  plates  it  may  be  necessary  in  some  cases  to  fit 
a  washer  between  the  lugs  of  the  bracket  arms  and  the  end  plate. 
Extreme  care  must  be  exercised  to  draw  up  evenly  on  the  bolts 
and  see  that  the  bracket  fits  readOy  into  position.  If  the  bracket 
will  not  go  easily  into  position,  the  lugs  are  likely  to  be  broken 
ofE  by  careless  handling.  The  bracket  should  be  filled  with  soft 
grease. 
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Tuning  the  Instrnment 

Disconnect  the  spark  plug  cables  and  remove  apark  plug  No.  1. 
By  No.  1  is  meant  the  plug  next  to  the  radiator.  Lay  Jt  on  the 
engine  with  the  cable  connected  to  the  coil  and  have  the  spark 
lever  on  the  steering  poat  all  the  nay  forward  or  in  the  retarded 
position.  Turn  the  engine  carefully  until  a  spark  takes  place  at 
No.  1  plug.  Be  very  careful  to  stop  the  engine  the  instant  the 
coil  begins  to  vibrate.  This  method  is  a,  simple  way  of  ascertain- 
ing the  proper  firing  position  for  those  not  skilled  in  timing  the 

A  much  more  positive  procedure  is  to  have  an  assistant  turn 
the  engine  until  both  valves  are  closed,  then  by  looking  into  the 
spark  plug  hole  the  next  half  turn  of  the  crankshaft  will  bring 
the  piston  to  the  extreme  ui>ward  travel  of  its  stroke.  It  is  in  this 
position  that  the  spark  should  take  place  in  No.  1  cylinder,  which 
may  be  accomplished  by  turning  the  shaft  of  the  distributer  in 
a  counter  clockwise  direction  by  the  two  set  screws,  until  a 
apark  will  jump  14  iU'  from  the  end  of  No,  I  terminal  to  the  metal 
*  part  of  the  engine.  Of  course,  it  is  understood  that  the  new  ad- 
vance rod  has  replaced  your  old  one,  that  the  spark  advance  lever 
under  the  steering  wheel  is  in  the  extreme  forward  position  and 
that  the  wiring  is  all  connected.  A  battery  should  be  used  as  a 
source  of  current  in  making  these  tests.  Care  should  be  taken 
to  tighten  the  set  screws  in  this  position,  which  completes  the  set- 
ting of  the  instrument. 

Wiring  the  Sjrst^n 

The  wiring  is  to  be  exactlv  as  shown  in  Fig  157  Of  course, 
it  IS  understood  that  the  regular  !t  or  I  coil  box  is  removed  and 
the  panel  supplied  containing  the  switch  has  been  secured  in  its 
place  The  long  wire  attache  1  to  the  snitch  is  run  through  a  hole 
registering  in  the  dash  and  carried  completely  through  the  metal 
tube,  down  to  the  coil  and  connected  to  the  coil  post  marked  8. 
The  magneto  cible  is  connected  to  the  very  short  wire  which  is 
run  through  the  opposite  hole  on  the  dash,  connection  being  made 
by  putting  the  looped  end  of  the  wire  under  the  sirew  head  and 
nut  on  the  magneto  terminal  One  primary  wire  from  the  bottom 
of  the  distributer  terminal  on  which  is  stamped  I  must  be  con- 
nected to  the  center  post  on  the  coil  marked  I  The  other  primary 
wire  from  the  bottom  of  the  distributer  has  the  terminal  marked 
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C  and  must  be  connected  to  the  post  C  on  the  coil.  The  third 
wire  I'omiug  from  the  bottom  of  the  distributer  has  its  tprminal 
tiiarkeil  U.  This  is  clamped  under  the  coil  bracket  between  the 
bracket  and  the  manifold  to  insure  a  good  ground  connection. 
The  secondary  wire  from  tho  center  of  the  distributer  is  con- 
nected to  the  post  on  the  left  side  of  the  coU. 

The  plug  terminals  are  brought  out  through  the  metal  carTTing 
tube  in  the  proper  order  and  are  connected  in  direct  rotation  to 


the  plugs  as  marked,  which  is  1 — 2 — 4 — S,  Proper  firing  order  will 
result,  as  the  plugs  are  connected  to  the  distributer  lu  auch  a  man- 
ner that  the  spark  will  occur  in  the  various  cylinders  in  the  order 
of  1 — 2 — 1 — 3,  which  is  correct  for  the  Ford  engine.  Do  not  be- 
come confused  on  this  point. 

The  coil  la  secured  by  removing  the  nuts  from  the  two  atuds 
holding  the  manifold  to  the  engine,  nearest  the  radiator.  The  coil 
brackets  are  slipped  over  the  studs  and  the  nuts  are  replaced,  with 


VIBEAT0R-LE9  IGNITION  FOE  P0ED8  217 

the  ground  wire  under  the  forward  clamp.  The  switch  ia  on  when 
the  bottom  of  the  Itey  points  toward  No.  1  point  on  the  Hwitch. 
If  it  should  ever  be  desired  to  use  dry  cells  or  storage  battery 
jn  connection  with  the  magneto,  a  wire  direct  from  the  battery  is 
carried  through  the  dash  and  by  removing  the  switch  cover  con- 
nection may  be  made  nnder  the  screw  head  to  the  bottom  lug  on 
the  right  side  of  the  switch.  The  other  side  of  the  battery  is  con- 
nected to  the  frame  of  car.  The  complete  iDstallatiou  is  shown  ia 
Fig.  158. 

Adjusbnents 

The  instruments  are  adjusted  carefully  before  leaving  the  fac- 
tory, and  it  should  never  be  necessary  to  change  the  tension  of  the 
vibrator  spring  unless  a  new  vibrator  is  necessary.  All  adjust- 
ments should  be  made  by  the  single  adjusting  screw  and  should 
be  such  that  when  engine  is  turned  ao  that  one  of  the  pins  raises 
the  curved  member  to  its  full  limit  there  should  be  a  space  between 
the  contact  points  the  thickneaa  of  two  sheets  of  writing  paper 
when  the  armature  ia  held  against  the  magnet  by  the  finger. 

It  is  of  great  importance  that  the  tension  on  the  armature 
spring  is  neither  too  weak  nor  too  stiff.  This  tension  may  be  regu- 
lated by  loosening  both  the  screws  holding  the  bracket  to  the  base 
that  supports  the  armature.  However,  thia  should  never  be  at- 
tempted unless  the  spring's  tension  is  too  great  to  allow  the  arma- 
ture to  vibrate  at  low  speed  or  too  weak  to  give  a,  sufficiently 
powerful  spark. 

Several  drops  of  oil  should  be  injected  into  the  oil  cup  twice  a 
week.  However,  do  not  over-oil,  as  any  oil  on  the  contact  points 
will  cause  missing. 
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CHAPTER  XVm 
Philbrin  Ignition  for  Fords 

THE  Philbrin  ignition  Bjatem  for  Ford  cars  Ib  of  the  open- 
circuit  type,  and  it  Ib  bo  constructed  that  it  may  be  operated 
hy  current  from  tlie  Ford  magneto  or  from  a  battery.  Inatead 
of  a  single  spark  being  delivered  to  each  Bpark  plug  in  its  firing 
order,  a  continuous  shower  of  sparks  of  high  intensity  ie  deliv- 
ered to  each  plug  at  the  proper  time.  This  flow  of  sparks  is  pro- 
duced by  a  special  liigli -frequency  interrupter  tihicli  is  mounted 
in  the  switch  ease. 

An  interior  view  of  the  distributor  for  this  Bystem  is  shown  la 
Fig.  159  and  it  is  arranged  to  be  mounted  on  the  front  end  of  the 
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Ford  engine  and  ilriven  at  half  engine  speecl.  The  induetian  coi* 
is  of  the  non-vibrating  type  shown  in  Fig.  160.  An  interior  view 
of  the  switch  case  which  ahowb  the  conilenaer  and  high  frequency 
interrupter  is  ahown  in  Fig.  161.  A  wiring  diagram  of  the  sya- 
tem  is  shown  in  Fig,  162. 


CHAPTER  XIX 

Auto-Lite    Electrical    Starting   and 

Lighting  Systems 

THE   early  models  of   Auto-Lite   gpnerators   were   of  the  per- 
manent-magnet Hold  type,  three  sets  of  tungsten  steel  horsc- 
Hhoe  magnets  being  used  to  produce  the  magnetic  field,  aa  shown 
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in  Fig.  16-1.  The  armature  was  made  to  revolve  in  the  field  pro- 
duced liy  the  permanent  magnets  by  having  the  arniatiire  shaft 
■  connected  indirectly  to  the  driving  shaft  by  a  friction  clutch. 
The  driving  and  driven  members  of  this  friction  clutch  are  held 
in  place  by  springs  whose  pressure  is  controlled  by  the  centrifugal 
force  produced  by  the  rotation  of  two  swinging  arms.  At  an 
armature  speed  of  approximately  18G0  revolutions  per  minute 
these  arms  are  revolving  swiftly  enough  to  compress  the  springs 
which  hold  the  clutch  members  in  contact  with  each  other  and 
thus  allow  the  sprocket,  which  is  being  driven  by  the  engine, 
to  revolve  independent  of  the  armature  shaft  of  the  generator; 
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By  this  arrangement  the  armature  speed  ia  maintained  at  about 
1850  revolutiona  per  minute  no  matter  how  fast  the  engine  may 
be  rotating  ho  long  as  it  is  at  a  sufficitnt  speed  to  produce  1850 
revolutions  per  minute  of  the  generator.  The  speed  of  the  gen- 
erator ia  about  two  and  a  half  times  that  of  the  engine.  It  is 
driven  by  a  silent  chain  from  the  crankshaft  or  any  other  shaft 
rotating  at  the  same  speed,  and  its  action  is  entirely  automatic. 
The  output  of  the  generator  is  under  .lormai  conditions  approxi- 
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mately  12  amperes.     This  type  of  Auto-Lite  generator  is  known 
a?  the  model  C. 

A  second  type  of  Auto-Lite  generator  is  shown  in  Fig.  164.  It 
will  be  observed  that  this  machine  ia  of  the  excited  field  type. 
The  chief  differences  between  this  generator  and  the  pcrmauent- 
magnet  type  lie  in  the  method  of  producing  the  magnetic  field 
and  the  fact  that  the  armature  revolves  at  the  same  speed  as 
the  crankshaft  in  the  case  of  four-cylinder  engines  and  one  and  a 
half  times  crankshaft  speed  iu  the  case  of  six-cylinder  engines. 
The  fact  that  this  generator  is  designed  to  be  driven  at  such 
high  speeds,  combined  with  the  additional  fact  that  its  base  hae 
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magneto  dimensions,  is  of  immense  advantage  in  installation,  as 
the  geDcrator  esn  be  placcil  ou  tho  bracket  provided  on  the  en- 
gine for  the  magneto  and  driven  directly  by  the  magneto  shaft. 
The  magneto  can  be  placed  back  of  the  generator  and  driven 
tbrough  it,  as  both  ends  of  the  generator  shaft  are  given  the 
same  standard  taper  used  on  all  magneto  shafts. 

Two  field  windings  are  provided.  One  is  composed  of  many 
turns  of  small  wire  and  is  called  the  shunt  winding,  while  the 
other  is  composed  of  comparatively  few  turns  of  large  wire  aud 
is  called  the  scries  winding.  The  sliunt  winding  has  a  current 
produced  in  it  which  ia  prof>ortional  to  the  terminal  voltage  of 
the  generator,  since  the  resistance  of  the  shunt  winding  r 


Fiff.  165 — Ifodrl  OD  iuto-LilC  generator 

practically  constant.  The  current  delivered  by  the  generator 
passes  through  the  series  winding,  since  it  Is  connected  directly  in 
scries.  The  current  in  the  series  winding  flows  around  the  mag- 
netic circuit  of  the  generator  in  the  opposite  direction  to  the  cur- 
rent in  the  shunt  winding,  and  as  a  result  their  magnetizing  ac- 
tions oppose  each  other  rather  than  assisting  each  other.  As  the 
current  output  of  the  generator  increases  there  is  an  increase 
in  the  magnetizing  action  of  the  scries  field,  and  as  a  result  there 
is  a  decrease  in  the  strength  of  the  magnetic  field  of  the  gen- 
erator and,  hence,  the  output  of  the  generator  does  not  increase 
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aa  rapidly  ae  it  would  if  there  were  no  weakening  effect  on.  the 
magnetic  field  due  to  the  action  of  the  aeries  field.  Thevoltage 
of  the  generator  at  approximately  6  miles  per  hour  is  such  that 
it  starts  delivering  current  and  the  current  output  increases  in 
value  until  a  speed  of  about  20  miles  per  hour  is  reached  when 
the  current  output  is  in  the  neighborhood  of  12  amperes.  Auto- 
Lite  generator  models  G,  GA  and  GF  all  are  provided  with  one 
series  and  one  shunt  field  coil. 

An  eiternal  view  of  a  third  type  of  Auto-Lite  generator  sim- 
ilar to  the  ones  just  descrihed  but  having  two  ehuat  and  two 
etries  field  coils  is  shown  in  Fig.  165.  This  machine  is  designed 
to  operate  at  twice  engine  speed.  It  starts  delivering  current 
at  about  7  miles  per  hour,  and  at  a  speed  of  about  20  miles  per 
hour  it  delivers  approximately  12  amperes.  Auto-Lite  genera- 
tor models  GB,  GC,.  GD  and  GG  all  are  provided  with  two  shunt 
and  two  series  field  coils. 

A  fourth  type  of  Auto-Lite  generator  having  only  two  shunt 
field  coils  is  shown  in  Fig.  166.  The  output  of  this  generator 
is  regulated  by  the  third-brush  method.  It  operates  at  one  and  a 
half  engine  speed,  cuts  in  at  about  7  miles  per  hour,  and  delivers 
approximately  14  amperes  at  20  miles  per  hour. 

Motors 

The  following  brief  (leseription  of  the  starting  motor  will  apply 
to  all  types  of  starting  motors  manufactured  by  the  Auto-Lite 
company.  The  frame  is  provided  with  four  pole-pieces  and  four 
field  coils.  The  brush  holder  assembly  consists  of  fonr  brush 
holders  stamped  out  of  sheet  steel  and  then  copper  plated  to  pre- 
vent rusting.  The  brush  holders  are  assembled  on  the  head  of  the 
motor  with  studs  or  bolts  that  go  through  the  brush  holder  and 
spring,  through  the  head,  and  are  held  by  a  lock  washer  and 
unit.  The  stud  is  insulated  with  a  fiber  washer,  a  fiber  brushing- 
in  the  head  and  a  fiber  washer  on  the  outside.  This  gives  a  strong 
assembly  tree  from  mechanical  or  electrical  trouble.  The  first 
coil  of  the  field  winding  is  connected  to  the  positive  terminal, 
or  insulated  terminal  on  the  motor  frame.  The  other  side  of  coil 
No.  1  is  connected  to  one  side  of  coil  No.  2,  and  the  remaining 
side  of  coil  No.  2  is  connected  with  the  brush  holders  on  opposite 
sides  of  the  commutator  through  a  heavy  braided  fiexible  wire. 
Coil  No.  3  is  conaeeted  to  the  remaining  two  opposite  brush 
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holders,  aud  the  other  si3e  of  the  coil  is  connected  to  one  terminal 
oi  coil  No.  4,  and  the  remaining  terminal  of  coil  No.  4  is  con- 
nected to  the  negative  terminal,  or  grounded  terminal,  on  the  mo- 
tor frame.  The  armature  is  wound  with  heavy  wire  that  is  held 
in  place  by  bands  around  each   end  of  the  winding. 

The  Bcndix  drive  is  used  with  all  the  starting  motors  as  a  means 
of  establishing  the  lIle(^hanical  connection  between  the  motor  and 
engine  when  the  motor  is  called  upon  to  start  the  engine.  Two 
different  types  of  Auto-Lite  starting  motors  are  shown  in  Figs. 
167  and  168. 

CutouU 

An  electromagnetic  cutout  is  used  in  establishing  the  connec- 
tion between  the  generator  and  the  storage  battery  when  the 
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voltage  of  the  generator  has  reached  a  value  equal  to  or  prefer- 
ably a  little  greater  than  the  terminal  voltage  of  the  tiattery. 
This  connection  will  remain  closed  as  long  as  the  generator  con- 
tinues to  supply  current  to  Ihc  batterj-  or  lamps,  but  just  as  soon 
ar  the  battery  starts  to  send  current  back  through  the  generator, 
which  causes  the  generator  to  operate  as  a  motor,  the  cutout,  i( 
operating  properly,  will  open  the  circuit  and  thus  prevent  an  un- 
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necesHary  discharge  of  the  battery.  The  armature  of  the  cutout 
never  should  bo  moved  when  the  generator  is  not  running,  as  the 
action  of  the  cutout  under  these  conditions  is  such  that  it  will 
keep  the  circuit  between  the  generator  and  battery  closed  in 
spite  of  the  fact  that  the  battery  is  discharging,  and  tite  result 
will  "be  a  discharged  battery  and  perhaps  a  damaged  generator. 
If  the  armature  of  the  cutout  is  accidentally  or  otherwise  drawn 
up  and  the  circuit  thus  closed,  the  armature  should  be  pried  away 
from  the  iron  core  and  the  circuit  opened,  or  the  engine  should 
be  started  and  run  at  such  a  speed  that  the  voltage  generated 
ill  the  generator  will  be  ample  to  counteract  the  voltage  of  the 
battery. 

Startbig  Switches 

The  starting  switch   most  commonly  used  consists  of  a  metal 

ring  with  several  extended  arms,  or  leaves,  which  extend  parallel 

to  the  aiis  of  the  ring.    A  cylindrical  copper  sleeve  slides  on  a 
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vertical  rod  and  may  be  pressed  inside  the  extended  arms  on  the 
ring  by  a  foot  button.  The  ring  forms  one  terminal  of  the  starl- 
ing-motor circuit,  and  the  cylindrical  copper  sleeve  forms  the 
other  terminal,  so  that  the  starting-motor  circuit  is  closed  when 
these  two  parts  of  the  switch  are  in  electrical  contact  with  each 
other.  As  soon  as  the  pressure  on  the  foot  pedal  is  removed  the 
switch  immediately  is  opened  by  the  action  of  a  strong  spring. 
A  second  type  of  starting  switch  operated  directly  by  applying 
a  pressure  on  a  push  button  consists  of  two  heavy  copper  strips 
set  opposite  each  other  with  their  flat  sides  parallel.    These  two 
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strips'  form  the  terminals  of  the  starting  circuit.  A  copper  bar 
is  mounted  on  an  insulating  block  which  slides  on  a  rod  in  such 
a  manner  that  the  copper  bar  connects  the  two  strips  when  the 
block  is  pressed  down  by  the  driver's  foot  button.  The  copper 
bar  and  block  upon  which  it  is  mounted  are  returned  to  the  off 
position,  that  is.  the  switch  is  opened,  hy  a  coil  spring  mounted 
on  the  shaft  upon  which  the  block  is  mounted. 

Another  type  is  mounted  on  the  starting  motor  housing  and 
is  operated  by  rods  running  from  a  foot  pedal  or  hand  lever. 
The  switch  consists  of  two  flat  copper  contact  arms  brought  into 
electrical  contact  with  each  other  by  a  bar  of  copper  mounted 
on  an  insulating  block,  which  in  turn  is  carried  on  a  sliding  rod 
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directly  beneath  and  parallel  to  the  copper  contact  arms.  The 
starting  switch  is  closed  by  the  same  operation  on  the  part  of  the 
driver  that  moves  the  sliding  pinion  into  mesh  between  the  start- 
ing motor  pinion  and  the  flywheel  gear.  On  some  models  an 
additional  housing  is  provided  on  the  starting  motor  case,  and 
it  carries  a  solenoid  and  plunger  core.  The  plunger  of  this 
solenoid  normally  drops  down  into  position  so  that  it  prevents 
the  closing  of  the  starting  motor  switch  or  the  meshing  of  the 
gears  should  the  driver  intentionally  or  otherwise  attempt  to 
start  the  motor.  When,  however,  the  solenoid  is  energized,  the 
plnnger  is  moved  and  no  longer  offers  an  obstruction  to  the  move- 
ment of  the  rod  operating  the  starting  motor  switch.     A  special 
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switch  is  provided  for  closing  the  cireuit  through  the  Bolenold 
winding  and  this  switch  must  be  closed  when  the  driver  attempts 
to  start  the  car. 

The  Ammeter 

The  ammeter,  which  ia  mounted  on  the  dash  in  plain  view  of 
the  driver,  indicates  at  all  times  the  amouot  of  current  being 
produced  by  the  generator  or  discliarged  from  the  battery,  with 
the  exception  of  the  starting  motor  and  ignition  current. 

When  the  indicating  needle  of  the  ammeter  points  to  the  left 
of  the  zero  point  on  the  scale,  or  toward  "discharge,"  it  means 
that  the  battery  is  furnishing  current  to  the  lights,  or  discharg- 
ing. When  the  needle  is  pointed  to  the  right  of  zero,  it  means 
that  the  generator  is  delivering  current  to  the  battery,  or  charg- 
ing it.  The  amount  of  charge  or  discharge  at  any  time  in 
amperes  can  be  read  from  the  scale  on  the  ammeter.  The  ammeter 
does  not  show  the  amount  of  anergy  in  ampere-hours  in  the  bat- 
tery. 

Always  note  the  position  of  the  indicating  needle  when  the 
engine  is  stopped.  With  the  engine  at  a  standstill  and  no  lights 
burning,  the  hand  should  point  at  zero.  If  it  does  not,  one  of 
three  conditions  exists:  Either  the  ammeter  is  out  of  calibration 
or  there  is  a  leakage  of  current  in  the  wiring  or  the  cireuit 
breaker  is  not  operating. 

To  determine  if  the  ammeter  is  correct,  disconnect  one  of  the 
wires  of  the  ammeter.  If  the  indicating  needle  swings  to  zero, 
the  trouble  is  leakage  of  current,  which  must  be  located  imme- 
diately and  corrected.  If  the  ammeter  hand  does  not  point  to 
zero  with  one  of  the  wires  disconnected,  the  instrument  is  out 
of  calibration.  This  in  no  way  affects  the  operation  of  the  sys- 
tem, but,  of  course,  it  must  be  taken  into  consideration  when 
reading  the  ammeter. 

If  the  engine  backfires  when  being  shut  down  and  makes  one 
01  more  revolutions  in  the  reverse  direction,  the  ammeter  needle 
may  be  found  pointing  to  the  extreme  left  side  of  the  scale.  This 
ir:  caused  by  the  circuit  breaker  points  being  held  closed  and  means 
a  ahort-eircuit  of  the  battery  through  the  generator.  This  must 
be  corrected  immediately  by  disconnecting  the  generator  or  by 
separating  the  circuit  breaker  points  or  by  cranking  the  engine. 
If  the  wiring  of  the  car  is  disconnected  for  any  reason  and 
on.  being  connected   again   the  ammeter   shows  a  discharge  with 
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no  lights  burning,  the  wiring  should  be  inspected  at  once,  for  it 
is  probable  that  some  of  the  wires  at  the  generator  or  circuit 
breaker  have  been  connected  wrong.  If  this  is  not  corrected  im- 
mediately the  battery  soon  will   be   diacharged. 

The  ammeter  should  be  wired  so  as  to  read  "charge"  with 
the  indicating  needle  pointing  to  the  right,  when  the  generator  is 
charging  the  battery,  and  "discbarge"  with  the  needle  pointing 
to  the  left,  when  the  current  from  the  battery  is  being  used.  If 
the  indication  is  in  the  opposite  direction  it  may  be  corrected 
simply  by  reversing  the  two  wires  connected  to  the  terminalB 
of  the  ammeter. 

Ammeter  Troublei  and  Cause* 

Ammeter  burned  out: 

Excessive  discharge  due  to  short-circuit  in  ammeter  to 
switch  wire,  wires  from  switch  to  lamp  and  horn  or  am- 
meter to  circuit  breaker  wire.  If  discharge  occurred  with 
all    switches    "off, ' '    abort    is    between    ammeter    and 
snitch  or  ammeter  and  circuit  breaker. 
Ammeter  shows  discharge,  no  lights  burning,  motor  stopped: 
Circuit  breaker  points  stuck  or  circuit  breaker  points 
set  too  close. 
Amineter  shows  charge  with  motor  stopped,  lights  burning: 
Circuit  breaker  point  arm  spring  weak,  partial  Hh6rt- 
circuit  between  ammeter  and  circuit  breaker,  or  ammeter 
and  switch  box.     Wire   connections  to  the  ammeter   re- 
versed. 

Typical  Wiring  Diagrams 

A  diagrammatic  wiring  diagram  of  an  Auto-Lite  installation 
on-a  model  85B  Overland  car  is  shown  in  Fig,  169.  A  perspective 
view  of  the  complete  electrical  installation  on  this  particular  car 
is  shown  in  Fig.  170. 

The  star  ting -motor  circuit  may  be  traced  readily  by  starting 
with  the  positive  terminal  of  the  battery,  through  the  starting 
switch,  thence  to  the  starting  motor  through  the  motor  and  di- 
rectly back  to  the  negative  terminal  of  the  battery. 

One  terminal  of  the  generator  is  grounded,  which  results  inl  : 
this  terminal  being  connected  to  the  negative  terminal  of  the!  t 
battery  all  the  time,  as  the  negative  terminal  of  the  battery  is 
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grounded.  The  remaining,  or  positive,  tetminal  of  the  generator 
is  connected  to  the  wire  leading  from  the  ammeter  to  the  Bvritch 
box  when  the  contacts  of  the  cutout,  which  is  mounted  at  the 
generator,  are  closed.  Any  current  being  delivered  by  the  gen- 
erator in  excess  of  that  required  to  operate  any  lamps  that  are 
turned  on  and  the  ignition  sjstem  will  be  delivered  to  the  bat- 
tery and  the  ammeter  will  indicate  that  the  battery  is  being 
charged.  If  the  generator  current  is  not  equal  to  that  required 
by  the  lamps,  etc.,  then  the  battery  will  be  called  upon  to  assist 
the  generator  and  the  ammeter  will  indicate  that  the  battery  is 
being  discharged. 

The  dash  and  taillights  are  in  series  and  controlled  by  a  single 
switch. 

The  headlights  are  connected  in  parallel  for  full  caudlepower 
and  in  serlps  when  dimmed.  A  separate  fuse  is  provided  in  each 
lamp  circuit,  and  all  the  fuses  are  mounted  on  the  switch  block 
inside  of  the  switch  box  on  the  steering  column. 

The  Ignition  Is  independent  of  the  generator,  and  the  coil  and 
distributor  are  mounted  on  the  opposite  side  of  the  engine  from 
the  generator.  The  electrical  connections  are  shown  plainly  in 
the  diagrams. 

A  diagrammatic  wiring  diagram  of  an  Auto-Lite  installation 
on  the  Chevrolet  is  shown  in  Fig.  171,  and  a  perspective  view  of 
the  complete  electrical  layout  is  shown  in  Fig.  172,  The  start- 
ing-motor circuit  is  practically  the  same  as  the  one  shown  in 
Figs.  169  and  170. 

The  generator  circuit  may  be  traced  as  follows:  Starting  with 
the  ungrounded  terminal  ot  the  generator  you  can  trace  -along 
the  conductor  to  the  terminal  A  on  the  cutout,  or  circuit  breaker, 
and  if  the  contacts  of  the  cutout  are  closed  the  circuit  is  com- 
pleted to  the  terminal  B  on  the  ammeter,  then  through  the  am- 
meter to  the  terminal  C  on  the  starting  motor  switch,  which  is 
eonnected  to  the  positive  terminal  of  the  battery  by  the  heavy 
lead  D.  The  negative  terminal  of  the  battery  is  grounded  at 
the  starting  motor,  and  since  the  negative  terminal  of  the  gen- 
erator is  grounded  the  two  negative  terminals  are  connected  per- 
manently and  the  circuit  connecting  the  generator  and  the  bat- 
,  tery  is  complete  as  long  as  the  contacts  of  the  cutout  are  closed.    ■ 

The  indication  of  the  ammeter  will  depend  upon  the  value  and  ; 
direction  of  the  current  through  it,  which  in  turn  depends  on  the 
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value  of  the  cur»ut.  If  any,  r:.pplied  b;  the  generator  and  the 
value  of  the  current  required  to  meet  the  demands  of  the  lamps, 
etc.  The  current  taken  by  the  starting  motor  doea  not  pass 
through  the  ammeter. 

The   wiring  diagram   of  an   Auto-Lite   installBtion   on   the   De- 
troiter  car  is  shown  in  Fig.  173. 


The  average  taotorlat  very  seldom  pays  any  attention  to  the 
workings  of  any  part  of  bis  machine,  and  especially  the  electrical 
equipment,  until  it  goes  wrong,  and  then  as  a  rule  he  la  absolutely 
helpless.  There  is  also  another  type  of  owner  who  spends  quite 
a  bit  of  time  tinkering  with  his  car  and  is  often  responsible  for 
fi  great  many  of  the  cases  of  trouble  that  occur  in  connection 
with  the  operation  of  his  car.  Almost  all  manufacturers  of 
electrical  equipment  supply  the  owner  with  all  the  necessary  in- 
structions for  the  care  of  the  equipment  on  his  car,  and  if  these 
instructions  are  followed  carefully  little  trouble  will  be  ezperi- 

Care  of  the  Generator 

The  silent  chain  drive  of  the  Auto-Lite  generator  should  be 
inspected  occasionally  and  any  undue  amount  of  alack  taken  up 
by  loosening  the  screw  which  holds  the  generator  on  it's  bracket 
and  sliding  the  generator  over  by  the  adjusting  screw.  The  chain 
shoulil  be  so  adjusted  that  there  is  no  strain  on  the  links  when 
the  engine  is  not  tunning.  After  the  ailjustment  is  made  the 
holding  acrewB  should  be  re-tightened. 

The  generator  should  be  examined  occaaionally,  and  any  car- 
bon duat  worn  from  the  brushes  should  be  blown  from  the  caae. 
The  commutator  ahould  be  kept  bright  and  smooth.  Looae  aeg- 
ments  in  the  commutator  ahould  be  repaired  at  once,  and  the  mica 
between  the  segments  should  be  cut  lower  than  the  surface  of 
the  copper  aegmenta. 

The  brushes  should  seat  perfectly  and  should  be  free  in  the 
holders.  The  spring  tension  should  be  sufBcient  to  hold  the 
brushes  down  but  should  not  be  eTcessive. 

The  cleaning  of  commutators  and  the  fitting  of  brushes  always 
ahould  be  done  with  fine  sandpaper,  never  with  emery  paper  oy   .- 
eloth.      After   smoothing   a   commutator,   the   particles   of   metal^' 
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that  bridge  across  the  mica  Bhoald  be  removed  and  the  mica  cut 
down.  This  must  be  done  with  the  armature  removed  from  the 
case.  To  start,  use  a  three-cornered  file,  cutting  a  V  notch  in  the 
mica.    Follow  this  with  a  piece  of  hacksaw  blade. 

The  brush  holders  must  be  insulated  from  the  generator  case 
perfectly.     A  test  light  readil;  will  show  if  one  is  grounded. 

If  it  is  found  that,  due  to  excessive  heat,  the  solder  holding  the 
armature  leads  to  the  commutator  has  been  melted,  a  test  for  a 
ground  should  be  made. 

To  determine  if  the  field  coils  are  grounded  or  short-circuited, 
insulate  the  brushes  from  the  commutator  or  remove  them,  and 
close  the  circuit-breaker  points  with  the  Ungers.  If  the  ammeter 
ahowH  more  than  IV^  amperes  discharge,  one  or  more  of  the  field 
coils  is  short'circuited.  They  then  should  be  tested  singl;  tiith 
a  teat  lamp. 

GoieratM'  Troubles  and  Causes 

Generator  dead,  as  shown  by  the  ammeter;    > 

Ammeter  burned  out  or   connection  loose. 

Battery   terminals   loose,   broken   or   corroded. 

Circuit-breaker  points  stuck   and  held  open. 

Loose  connection  in  circuit-breaker. 

Brush  holders  sticking  or  broken. 

Insulation  burned  or  broken  on  armature. 

Field  coils  grounded  or  burned  out. 

>utput  low,  as  shown  by  the  ammeter: 
T  terminals  loose  or  corroded. 

Circuit -breaker  or  ammeter  wires  loose. 

Brushes  worn  or  broken. 

Brush   holders  sticking. 

Commutator  dirty. 

Mica  high  between  segments. 

Brushes  grounded  by  carbon  dust. 

Segments  worn  or  cut. 

Field  coils  loose  or  broken. 

Battery  plates  sulphated. 
Generator  brushes  noisy  or  sparking: 

Brushes  worn  or  broken. 

Brush  holders  sticking. 

Commutator  dirty  or  rough. 
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Mica  between  segments  too  high. 

Brush  not  fitting  tlie  commutator. 

Brush  spring  broken. 

Bruah  setting  vrroug. 

Loose   segment   in   commutator. 
Commutator  cut; 

Brushes  worn  or  brolien. 

Brush  spring  tension  too  tight. 

Brushes  too  hard. 
Armature  binding  cordcut; 

Field  coils  loose. 

Brush  holder  brolcen. 
Field  coils  grounded; 

Insulation  worn  or  broken. 
Field  coils  burned  out; 

Loose  connection  at   generator. 

Circuit  breaker,  ammeter,  battery  or  starting  motor  ground. 

Care  of  Staititig  Motors 

The  starting  motor  cranks  the  engine  mechanically,  power 
being  applied  to  the  flywheel  through  the  medium  of  the  Bendix 
drive,  as  shown  in  Fig.  174,  The  jar  or  shock  of  setting  the  fly- 
wheel in  motion  is  absorbed  by  the  coil  spring  on  the  starting- 
motor  shaft.  When  the  electric  circuit  is  closed  by  pressing  the 
starting  switch  button  the  armature  of  the  starting  motor  starts 
to  rotate.  The  Bendiz  drive  pinion,  which  is  carried  on  a  threaded 
sleeve  on  the  startiug-motor  shaft,  is  prevented  from  turning  by 
an    eccentric   weight. 

The  threads  lead  the  pinion  along  this  sleeve  until  it  fully 
engages  with  the  teeth  of  the  fly  wheel.  Farther  lateral  travel 
is  prevented  by  a  stop  on  the  sleeve,  and  the  pinion  starts  rotat- 
ing with  the  starting  motor  and  so  transmits  turning^movement  to 
the  flywheeL 

No  oil  or  grease  should  be  placed  on  the  threaded  sleeve  on 
which  the  drive  pinion  is  mounted  as  this  is  liable  to  gum  and 
cause  trouble.  It  is  better  to  wash  off  any  accumulation  of  dirt 
,  or  dust  occasionally  with  kerosene  and  allow  the  pinion  to  re- 
main  dry. 
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Starting  Motor  Troidilet 

Sparking  ami  burning  when  switcli  is  depreased: 

Switch  tu  niutor  wire  insulation  broken. 
Starting  motor  noisy: 

Benilix  drive  geara  improper]}'  meshed. 

firuahea  noisr. 

Bearings  seized  to  shaft. 

Bearings  broken. 


Starting  STritch  stirkx: 

Spring  bruken. 

Button  stuck  in  switch  body. 

Contact  points  burned. 
Starting  motor  do^a  not  turn: 

Battery  low  or  discharged. 

Battery  terminals  loosCj  broken  or  corroded. 

Batter.T   frozen. 
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Switch  to  starting  molnr  i 

Loose  connection  at  bwUfIi 

Switch  contncta  burned. 

Brushes  worn  or  broken. 

Commutator  dirty. 

Brush  lead  broken. 

Brushes  sticliing  in  holders. 
Starting  motor  turns  slowly: 

See  "Starting  Motor  Does  Net  Turn." 

Brush  spriugB  weak. 

Bearings  broken. 

Polarity  o(  one  or  two  cells  reversed. 

Field  or  armature  winding  burned  out  or  grounded. 
Starting  motor  turns  but  the  pnginc  Aopi  not  turn: 

Bendiz  drive  pinion  sticking  on  sleeve. 

Bendiz  drive  spring  broken. 

Flywheel  teeth  broken. 
Starting  motor  does  not  release  but  turns  with  the   engine: 

Switch   sticks. 

Beudlx  pinion  sticking  on  the  sleeve. 
The  starting  motor  should  be  given  the  same  general  care  As 
the  generator,  as  regards  brushes,  commutator,  brush  holders,  etc 
If  the  starting  motor  does  not  operate,  due  to  a  grounded  wire, 
inoperative  switch  or  bome  similar  cause,  the  wire  from  the  bat- 
tery to  the  starting  switch  should  be  disconnected  at  the  battery 
and  the  engine  cranked  by  hand. 

Lights 

The  lighting  system  of  the  Auto-Lite  installationB  is  a  6-voIt 
system  securing  its  current  from  the  storage  battery  and  gen- 
erator. The  dashlamp  and  taillamp  are  connected  in  series,  so 
if  the  taillamp  fails  the  dashlamp  will  go  out  also  and  serve  as 
a  warning.     Single-contact  bulbs  are  used  in  these  two  lights. 

The  headlights  use  double-contact  bulbs  and  are  connected  in 
series  when  dimmed. 

A  separate  fuse  is  provided  in  each  lamp  circuit,  and  all  fuses 
are  mounted  on  the  switch  block  within  the  steering  column  con- 
trol box.    One  spare  fuse  is  provided  also. 

The  headlights  are  focused  by  a  screw  at  the  back  of  the  lamp, 
either  in  the  center  or  just  above  the  center  of  the  lamp  body. 
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Turning  this  screw  to  the  right  or  left  moves  the  lamp  bulb  in 
or  out  ss  the  case  may  be.  Adjust  the  bulb  so  that  when  the 
ligbt  is  turned  on  a  vertical  surface  10  feet  awaj,  the  light 
shows  clear  and  even,  without  any  rings. 

To  clean  the  lamp  retlectora  use  a  email  piece  of  cotton  dipped 
in  alcohol  and  wipe  from  the  bulb  out  to  the  edge.  Never  use  any 
polish  or  grit  on  a  reflector  and  never  wipe  or  rub  with  a  cir- 
cular motion. 

Lighting  Trouble*  and  Came* 

No  lamps  light; 

Fusee  burned  out. 

Battery  discharged. 

Battery  terminals  loose,  corroded  or  broken. 

Battery  ground   wire   broken  or  loose  at  starting  motor. 
Broken  or  loose  connection  between  battery  and  ammeter  or  be- 
tween ammeter  and  switch: 

Ammeter  burned  out. 

Lights  burned  out. 

Battery  frozen. 
One  or  both  headlamps  do  not  light  with  the  switch  in  "bright" 
poaitmn,  or  dash  and  taillamps  do  not  light: 

Lamps  burned  out. 

Poor  contact  between  lamps  and  sockets. 

Broken  wire  or  loose  connection  between  switch  box  and 

Lamps   burned  out: 

Battery  terminals  corroded. 

Loose  connection  at  the  battery  or  the  ammeter. 

Battery  ground  loose  at  the  starting  motor. 
Dash  lamp  burned  out: 

Wire  from  ('.ashlamp  to  taillamp  grounded. 
Lights  flicker  or  fluctuate: 

Broken  or  loose  connection  in  switch  box. 

Poor  lamp  grounds. 

Battery  terminals  loose  or  corroded. 

Poor  connection   at  battery  amideter  or  starting  motor. 

Battery  electrolyte  low. 
Lights  dim  at  all  times: 

Bulbs  improperly  focused. 

Battery  discharged. 
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Battery  frozen. 

Short-circuit  in  battery. 

Polarity  of  one  or  two  cells  reversed. 

Aoto-lite  Ignition  Systems 

The  breaker  and  distributor  points  should  be  kept  cleaa  and 
free  from  oil.  In  the  event  that  the  contact  points  become  bo 
iTorn  that  their  adjustment  is  impaired,  it  will  be  necessary  to 
renew  the  entire  breaker  bar  element.  This  should  not  occur, 
however,  within  25,000  to  35,000  miles  of  ordinary  running.  When 
this  is  necessary  remove  the  cover  from  the  coil  and  digconneet 
the  wire  that  runs  direct  to  the  breaker  plate.' 

Remove  the  distributor  cover  with  wires  attached  and  take 
out  the   distributor  arm. 

Unscrew  the  two  round-headed  screws  which  hold  the  retain- 
ing ring  and  breaker  plate  in  the  case. 

Lift  the  breaker  plate  from  the  housing  and  the  retaining  ring 
and  screws  will  come  with  it,  also  the  wire  which  connected  it 
to  the  coil.  This  wire  should  be  replaced  iu  the  new  breaker  arm, 
which  should  be  installed  as  received  from  your  dealer. 

Never  attempt  to  readjust  the  points  on  ft  new  breaker  plate. 
The  only  lubrication  necessary  is  the  use  of  vaseline  in  the  grease 
cup  on  the  timer  shaft  just  below  the  timer  body. 

An  ignition  coil  is  provided  to  transform  the  low-tension  bat- 
tery current  ioto  &  secondary  high-tension  current  with  suOicient 
j'resBure  to  force  the  current  across  the  spark  plug  gap  when 
under   comprcBsion. 

Should  any  internal  trouble  occur  the  repairs  should  be  made 
by  the  manufacturer.  An  internal  short-circuit  in'  the  coil  will 
evidence  itself  in  misfiring  which  cannot  be  traced  to  any  one 
cylinder. 

Ad  automatic  cutout  is  placed  in  the  ignition  switch  which 
will  open  the  ignition  circuit  if  the  button  is  inadvertently  left 
in  the  "on"  position  while  the  motor  is  stopped.  This  switch  is 
controlled  the rmostatical1y,,depei( ding  for  its  operation  on  the 
heating  of  a  tbennostatic  metal  spring  by  a  coil  of  resistance 
ribbon  through  which  all  current  supplied  to  the  ignition  is  con- 
ducted. Since  the  current  supplied  while  the  engine  is  running 
is  intermittent,  it  does  not  heat  this  thermoBtatic  spring  to  a 
temperature  which  will  cause  it  to  deflect  and  make  the  neces- 
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■ar;  eontaFt  with  the  tripping  mechanism  to  operate  the  cutout. 
Should  the  switch  be  left  "on"  the  flow  of  current  U  con- 
tinuous and  the  thermoatatic  spring  is  heated  and  deflected  so 
that  it  makes  a  contact  permitting  the  current  to  flow  through  a 
vibrator  coil  which  operates  the  tripping  mechanism  and  allows 
the  switch  button  to  be  thrown  out. 

Ignition  Trot^le*  and  Cause* 

Motor  will  not  start,  ignition  dead: 

Battery  discharged. 

Batterif  connections  loose. 

Distributor  points  dirty. 

Coil  burned  out. 

Primary  wire  disconnected  or  broken. 

Beeondary  wire  grounded. 

Breaker  arm  stuck. 

Distributor  arm  spring  broken. 

Breaker  points  set  too  wide. 

Timer  drive  gears  inoperative. 
Motor  starts  hard: 

Battery   discharged. 

Spark  plug  points  dirty  or  too  far  apart. 

Distributor  points  dirty. 

Breaker  points   sticking. 
Motor  misses  at  all  speeds: 

Spark  plugs  dirty,  broken  or  improperly  set. 

Spark  plug  wire  shorted. 

Battery  weak. 

Battery  connections  loose  or  corrodcrl. 

Connections  at  switch,  coil,  breaker  or  distributor  loose 
or  corroded. 

Breaker  points  worn,  burned  or  improperly  adjusted. 

Breaker  arm  sticking. 

Condenser  broken  down.  • 

Uotor  misses  at  high  speed  only: 

Spark  plug  gap  too  wide. 

Breaker  or  distributor  points  dirty. 

Breaker  arm  sticking. 
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Motor  misBea  at  low  speed,  idling; 

Spark  plug  points  too  cIoec. 

Battery  weak. 
Uotor  misses  at  Ion  speed,  on  pull: 

Spark  plug  gap  too  wide. 

Battery   weak. 
Spark  knock: 

Ignition  set  early. 
Spark  plugs  failed: 

Cylinders  carbonized. 

Misfiring  in  cylinder  at  fault. 
Popping  in  muffler: 

Spark  set  late. 
Ignition  switch  does  not  throw  out  when  car  stops; 

Points  set  too  far  apart. 
Ignition  switch  throws  out  while  running: 

Points  set  too  close. 
Distributor  points  burned: 

Condenser  open. 
Automatic  ignition   switch  coils  burned: 

Automatic  trip  stuck. 
The  symptoms  and  causes  given  cover  only  ignition.  If  the 
engine  will  not  start  or  starts  herd,  determine  first  if  a  spark 
is  being  delivered  at  the  spark  plugs.  A  check  of  the  causes 
given  for  these  symptoms  will  show  the  trouble.  If  a  good  spark 
is  being  delivered  in  each  cylinder,  look  elsewhere  for  the 
trouble.  Should  the  battery  be  discharged,  the  only  means  of 
operating  the  car  until  the  storage  battery  is  recharged  is  to 
install  a  battery  of  four  or  five  dry  cells,  in  series,  disconnecting 
the  ignition  wire  from  the  storage  battery  and  connecting  it  to 
the  carbon  post  of  the  first  dry  cell.  The  other  connection  from 
the  dry  cells  should  be  grounded  to  the  frame.  If  no  dry  cells 
are  available,  ignition  current  can  be  secured  from  the  genera- 
tor, in  an  emergency,  by  having  the  car  towed  at  a  speed  of  10 
or  IS  m.p.h.,  with  the  transmission  in  high  gear  until  the  engine 
starts.  This  will  turn  the  generator  fast  enough  to  close  the 
circuit  breaker  and  force  current  through  the  dead  battery.  The 
same  result  can  be  had  by  coasting  down  a  hill  if  convenient. 
If  the  battery  is  charged  and  no  spark  can  be  secured,  examine 
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connections,  plugs,  breaker  points  and  each  passible   causes  be- 
fore ever  changing  any  adjustmenta. 

If  an  apparent  cause  for  trouble  is  found,  always  try  to  <1p- 
termine  if  that  is  the  basic  trouble.  For  instance,  if  a  cylinder 
is  misfiring  the  spark  plugs  probably  will  be  dirty,  but  this  need 
not  be  the  cause,  for  the  plugs  get  oily  and  dirty  because  the 
engine  misfires  for  some  other  cause.  Again,  there  may  be  some 
more  serious  cause  for  the  spark  plug  being  dirty,  such  as  exces- 
sive lubrication  or  oil  leaking  past  the  piston  due  to  broken  or 
worn  rings,  scored  piston  or  cylinder,  bent  connecting  rod,  etc. 

If  misfiring  is  coafined  to  one  cylinder,  locate  that  cylinder. 
That  is  done  easUy  by  short-circuiting  the  spark  plug,  holding  a 
screwdriver  with  an  insulated  handle  between  the  engine  block 
and  the  spark  plug  wire  terminal.  If  in  testing  the  various 
spark  plugs  in  turn,  one  is  found  which,  when  short-circuited, 
does  not  cause  farther  misfiring,  it  is  in  all  probability  the  one 
at  fault. 

Sparic  Plugs 

The  moat  common  fault  found  in  the  spark  plugs  is  carbonizing 
or  sooting,  which  results  in  short-circuiting  the  high-tension  cur- 
rent so  that  instead  of  jumping  between  the  spark  plug  points  or 
electrodes  in  the  cylinder  combustion  chamber,  it  passes  through 
the  carbon  accumulation  directly  to  the  grounded  metallic  shell. 
The  plug  should  be  removed,  and  if  there  is  evidence  that  it  is 
short-circuited  the  carbon  accumulation  should  be  removed  by 
scraping  off  the  carbon  and  then  washing  the  plug  with  gasoline 
and  a  stiff  brush.  Carefully  inspect  the  plug  to  determine  whether 
the  porcelain  has  become  cracked  or  damaged  in  any  way. 

The  porcelain  may  bo  cracked  in  such  a  manner  that  it  will 
not  show  upon  casual  inspection,  but  it  may  be  detected  as  fol- 
lows: If  the  plug  is  screwed  into  the  cylinder  and  pressure  ia 
brought  to  bear  against  the  upper  part  of  the  plug  with  the  linger, 
a  grating  or  grinding  noise  sometimes  will  be  heard  and  only  a 
very  little  motion  can   be   felt. 

In  case  of  a  broken  porcelain  the  high-tension  current  will 
bridge  the  gap  between  the  center  electrode  and  the  plug  snell 
through  the  crack  in  the  porcelain  rather  than  jumping  the  space 
between  the  spatk  plug  points  when  under  compression.  Before 
installing  a  plug  see  that  points  are  properly  set  at  ^h  inch,  or 
about  the  thickness  of  a  smooth  dime.     An  infallible  test  for  the 
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plug  is  to  replace  it  with  one  that  ia  known  to  be  perfect.     If 
the  eoudition  of  operation  is  not  changed,   examine  spark   plu^ 

If  the  inaulation,  or  rubber  covering,  on  the  spark  plug  wire 
is  broken  or  wora  through  and  thie  point  should  come  close  to 
any  metal  part  of  the  car  the  high-tension  current  will  short 
at  this  point  and  will  not  pass  through  the  plugs.  It  is  not 
necesaat;  that  the  insulation  be  worn  down  to  the  metal  of 
the  wire.  If  a  sharp  snapping  is  heard  when  the  engine  is  under 
a  heav;  pull,  it  is  evidence  of  shOTt-circuit  of  the  high-tension 
wiriug  and  the  fault  usually  will  be  found  with  imperfect  in- 
sulation of  the  spark  plug  wires.  Should  the  plug  and  plug  wire 
show  no  evidence  of  fault,  examine  the  distributor  arm  in  the 
diatributor  for  poor  contact. 

Ignition  Tuning  on  Overland 

Ignition  timing  should  be  adjusted  only  by  an  experienced 
repair  man.  When  properly  set  with  a  fully  retarded  spark  lever 
the  dead  center  mark  on  the  flywheel  should  be  past  the  check 
mark  on  the  crankcaae,  as  follows: 

Overland  model  85-4 lA  to  lA  inches 

Overland   model   85-6 %   to  1^  inches 

.  Willys -Knight    model   88-4 214   to  inches 

Willys   six    model    88-6 ?i  to  1^^   inches 

Willys-Knight   model   88-8 114  to  inches 

Willys  six  model  89- %   to  ly  inches 

Overland   model   90- |}   to  1%  inches 

Locating  Short-Circuits 

A  short-circuit  may  occur  at  any  point  in  the  electrical  sys- 
tem but  usually  is  found  in  the  connector  or  switch  terminals 
and  usually  is  caused  by  frayed  ends  of  wires  bridging  across 
the  terminals.  A  short-circuit  may  be  caused  by  a  double  ground, 
that  is,  wires  of  opposite  polarity  may  be  in  metallic  contact 
with  the  frame  of  the  machine.  The  ammeter  always  will  show 
whether  or  not  a  ahort-circuit  exists  in  any  part  of  the  wiring, 
e;£cept  from  the  battery  to  the  switch  but  bar  and  in  the  start- 
ing motor  and  ignition  circuits.  To  make  a  complete  test  for 
short-circuits  proceed  as  follows: 
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Eiaraine  carefully  every  inch  of  the  conductor  wires  connected  . 
at  one  end  of  tlie  battery  terminals  and  at  the  other  ond  to  the 
bus  bar  of  the  lighting  switch.  Make  certain  that  the  insula- 
tion is  perfect  and  that  no  metal  corners  or  edges  cut  through, 
also  that  no  wire  ends  or  strands  touch  another  connector.  In 
the  same  manner  eiamine  carefully  the  wiring  from  the  battery 
to  the  starting  motor  and  starting  switch.  Oive  particular  at- 
tention to  the  ends  of  the  armored  wire  to  make  sure  that  the 
armor  has  not  cut  the  insulation.  If  the  battery  has  been  dis- 
charged, have  it  fully  charged.  Tag  or  mark  the  wires  and  bat- 
tery leads  or  binding  posts  before  removing  the  battery  for 
charging,  so  that  the  wires  can  be  connected  again  exactly  as 
they  were. 

When  replacing  the  battery  connect  the  ground  wire  that 
runs  to  the  starting  motor,  to  the  negative  terminal  of  the  bat- 
tery. The  other  wires,  of  which  there  will  be  three  or  four, 
should  be  connected  to  the  positive  terminal.  Before  connecting 
these  wires  to  the  positive  terminal  touch  each  one  to  the  terminal 
quickly,  and  watch  for  the  Bmallest  spark.  If  there  is  any  spark 
whatever  it  indicates  a  short-circuit  or  ground  in  that  circuit. 
Trace  the  wire  carefully  until  the  trouble  is  found.  With  all 
switches  "oS,"  grounds  or  shorts  will  be  found  as  follows;  In 
the  starting-motor  circuit,  between  the  battery  and  the  starting 
switch;  in  the  ignition  circuit,  between  the  battery  and  the 
steering  column  switch  box;  in  the  lighting  circuit,  between  the 
battery  and  the  ammeter  or  between  the  ammeter  and  the  switch 
box  or  between  the  ammeter  and  the  generator;  and  in  closed 
cars  only,  between  the  battery  and  the  switches  for  the  dome  or 
wall  lights. 

If  the  short  is  in  the  generator  eircitit,  disconnect  at  the  cntout 
or  circuit  breaker  the  wire  leading  to  the  ammeter.  If  the  short 
still  shows  with  this  wire  disconnected,  the  trouble  is  in  the  wiring. 
If  not,  the  trouble  may  be  in  the  circuit  breaker  itself. 

If  no  sparking  occurs,  make  a  second  connection  to  the  bat- 
tery. Then  with  the  engine  at  a  standstill,  close  the  several 
switches  to  the  lighting  circuit,  one  at  a  time,  and  watch  the 
ammeter  needle  perform  as  each  switch  is  closed.  If  the  needle 
springs  to  the  extreme  left  side  of  the  instrument  and  holds  there, 
a  short-circuit  exists  somewhere  in  the  circuit  whose  switch  is 
closed,   between  a  switch   and  that   light  or  horn.     Try   all  eir- 
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cults  in  this  manner,  one  at  a  time.  If  the  ammeter  indicates 
only  the  proper  amount  of  current  consumption  of  the  Bcvera) 
lighting  circuits,  as  they  are  switched  on,  no  further  search  for 
short -circuits  is  necessary.  However,  if  the  ammeter  needle 
springs  against  the  side  of  the  case,  while  on  one  or  more  cir- 
cuits, proceed  as  follows: 

Trace  out  the  circuits,  watching  carefully  for  grounds  and 
short-circuits.  If  no  trouble  is  found  in  the  wiring,  it  will  be 
located  in  the  lamp  sockets,  the  connector  or  the  bulb  itself.  The 
trouble  mast  be  corrected  and  repairs  made  very  carefully  to 
prevent  a  possibility  of  a  recurrence.  In  case  one  or  more  bnlbs 
fail  to  burn,  the  trouble  may  be  due  to  burned-out  bnlbi  or  de- 
fective connection  at  the  switch  box  connectors  or  lamp  sockets. 
Trace  out  the  defective  eareuit  carefully  nntil  the  trouble  is 
located. 
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CHAPTER  XX 

Delco  Electrical  Systems  for  the 
Motor  Car 

SEVERAL  different  tjpes  of  starting,  lighting  and  ignition 
aystems  have  been  built  by  the  Dayton  Engineering  Labora- 
tories Co.,  Dayton,  Ohio,  and  a  brief  description  of  a  typical 
example  of  each  of  these  systems  will  be  given  in  the  following 

paragraphs. 

6-24-VoIt.  Sii)gk<Utut,  Two*Wire 

This  type  of  electrical  equipment  was  used  on  the  1912  Cadillac 
and  on  the  Cote,  Hudson,  Oakland  and  Oldsmobile  cars  during 
1913. 

The  principal  nnits  are  a  two-pole  combination  motor  and  gen- 
erator with  a  single  armature  winding  which  generates  at  6  volts 
and  operates  as  a  motor  on  24  volts;  a  storage  battery  of  four 
groups  of  three-  cells  each,  connected  to  a  special  controller  in 
such  a  way  as  to  permit  of  series  or  parallel  grouping;  a  dual 
.  ignition  system  using  current  from  the  generator  and  also  pro- 
viding for  ignition  from  five  dry  cells.  The  special  controller  is 
mounted  in  the  battery  box.  The  system  is  free  from  grounds. 
8ix-volt  lamps  are  used.  The  circuit  between  the  generator  and 
the  battery  is  opened  and  closed  b;^  an  electromagnetic  cutout. 
This  cutout  is  mounted  above  the  special  controller,  and  in  addi- 
tion a  special  ampere-hour  meter  is  mounted  in  the  battery  box 
and  serves  to  regulate  the  output  of  the  generator.  The  two-wire 
system  is  used  throughout.  No  fuses  or  circuit  breakers  are  used. 
A  wiring  diagram  of  a  system  of  this  kind  is  shown  in  Fig.  175. 

Startmg  Operation 

When  the  starting  switch  is  depressed  it  closes  the  circuit  at 
its  two  contact  points,  and  the  following  results  are  accomplished. 
The  circuit  is  completed  from  the  6-volt  battery  through  the 
winding  of  the  magnetic  latch  and  the  series  field  and  the  ftrma- 
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ture  windings  of  the  electrical  nuit,  which  causes  the  armature  to 
revolve,  and  the  machine  acts  as  a  series  motor.  No  power  is 
transmitted  to  the  engine  crankshaft,  as  the  shaft  of  the  elec- 
trical unit  and  the  cranlishaft  are  connected  by  an  ovei-ninning 
clutch  which  is  capable  of  transmitting  power  only  from  the 
engine  to  the  electrical  unit.  If  the  clutch  pedal  is  preseed  down 
now,  the  gears  connecting  the  electrical  unit  and  engine  crank- 
shaft are  meebed  and  the  controller  thrown  over  to  the  24-voIt 
position,  and  the  eerjea  winding  of  the  electrical  unit  and  its 
armature  are  connected  directlj  in  aeries  with  the  24-voU  bat- 
tery. If  the  ignition  button  has  been  depressed  the  engine  should 
now  start  to  operate  under  its  own  power.  When  the  engine  picka 
up  and  runs  faster  than  the  electrical  unit  tends  to  operate  it  the 
Starting  clutch  will  slip  and  the  driving  clutch  on  the  opposite 
end  of  the  shaft  will  take  hold  and  drive  the  electrical  unit. 
The  clutch  pedal  should  be  released  as  soon  as  the  motor  fires. 
When  this  pedal  is  released  the  special  controller  switch  is 
changed  from  a  24-volt  battery  connection  to  a  6-volt  connection, 
and  the  startiiig  gears  are  disengaged. 

A  simplified  diagram  of  the  electrical  circuit  for  operating  the 
starting  motor  is  shown  in  Fig.  176.  This  diagram  is  applicable 
to  all  6-24-volt  systems  and  it  shows  the  manner  in  which  6  volts 
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ained  at  the  lights  whOe  24  volts  is  applied  to  the  starting 

RegulatioD  of  Generator  Ontput 

on  as  the  engine  exceeds  a  certain  speed  the  generator 
>  enough  electrical  pressure  to  close  the  cutout  relay, 
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wluch  connecta  the  generator  terminals  to  the  BtoTSge  battery 
through  the  &mpere-hour  meter.  While  the  batterj'  is  charging 
the  large  baud  on  the  ampere-hour  meter  rcTolves  slowly  In  a 
counter-clock  wise  direction.  The  small  hand  on  tbe  meter  merely 
serves  as  a  means  of  determining  at  a  glance  if  the  battery  is 
charging  or  discharging. 

The  sbunt-field  current  of  the  electrical  unit  can.  be  traced  as 
follows:  Starting  with  the  terminal  on  the  electrical  tanit  marked 
1  in  Fig.  175,  then  to  the  teTminal  marked  1  on  the  battery  box, 
then  to  the  second  terminal  from  tbe  top  on  the  aide  of  tbe  knife 
switch  toward  the  battery,  through  the  contact  of  tbe  knife 
switch  when  it  is  closed,  thence  to  one  of  the  contacts  directly 
above  the  ampere-hour  meter.  Terminal  2  on  tbe  electrical  unit 
also  is  connected  to  one  of  tbe  contacts  directly  above  tbe  ampere- 
hour  meter,  as  abown  in  tbe  diagram.  An  inspection  of  tbe  dia- 
gram will  disclose  the  faet  that  the  electrical  circuit  is  com- 
pleted  through  the  two  sets  of  contacts  at  the  ampere-hour  meter 
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Fig.  m— Wiring  diagram  for  all  e-24-iioIt   Delco  tvtiemt  icJkm 
(fte  moQMnt  is  iptrating  ae  a  gerterator 
and  will  remain  so  until  the  large  hand  moves  back  to  zero,  when 
it  will  cause  tbe  right  set  of  contacts  to  open  and  thus  introduce 
the  resistance  in  series  with  the  shunt  field.     A  further  move- 
ment of  the  large  painter  will  cause  the  left  set  of  contacts  to 
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open  and  thus  opens  the  field  circuit.  The  introdnction  of  the 
resistance  in  the  field  circuit  of  the  electrical  unit  reduces  the 
voltage  generated  in  the  armature  and  hence  the  current  It  de- 
livers to  the  battery.  When  the  condition  of  charge  has  reached 
a  certain  point  the  voltage  of  the  electrical  unit  is  reduced  to 
practically  zero  value  by  opening  the  field  circuit  and  the  cutout 
immediately  disconnects  the  battery.  As  the  battery  becomes 
discharged  the  large  hand  on  the  ampere-hour  meter  will  turn  in 
a  clockwise  direction  and  the  contacts  will  be  restored  to  a  closed 

'  A  diagram  of  the  charging  circuit  for  all  Delco  6-24-voIt  sys- 
tems is  shown  in  Fig.  177.  This  shows  all  connections  as  they 
exist  when  the  machine  is  operating  as  a  generator.  The  heavy 
lines  indicate  the  path  of  the  main  charging  current. 

-  Syrtemt  With  Mercury  Well  Regulator 

The    systems    using   the    mercury    well    voltage    regulation   CWI* 
Teniently  may  be  classified  as  follows: 
Two-termiaal   electrical   unit. 
Four -terminal   electrical   unit. 

Electrical  nnit  equipped  with  motor  brash  switch. 
Two-terminal  eleotrteal  unit  with  mercury  well  regulator. 

Two-Terminal  Electrical  Unit 

The  two-terminal  electrical  unit  has  a  single  armature  but  the 
9  equipped  with  two  commutators.  The  larger  of  tke 
,  which  is  toward  the  front  of  the  car,  is  used 
for  the  generator  operation,  while  the  smaller  one,  which  is  to- 
ward the  rear  of  the  car,  is  used  for  the  starting  motor  operation. 
The  electrical  unit  is  provided  with  two  field  windings,  a  shunt 
and  a  series.  The  shunt-field  winding  is  connected  between  the 
two  terminals  on  top  of  the  electrical  unit.  The  series-field 
winding,  which  is  used  for  the  starting  motor  operation,  is  con- 
nected between  the  positive  starting  motor  brush  and  the  con- 
ductor leading  to  the  starting  motor  switch. 

The  shaft  of  the  electrical  unit,  when  it  is  operating  as  a  gen- 
erator, is  driven  by  an  over-running  clutch  carried  inside  the 
bousing  of  the  machine.  When  the  unit  is  acting  as  a  starting 
motor  the  drive  is  to  the  flywheel  through  a  pair  of  sliding  geara. 
The  larger  one  of  the  gears  has  an  over-mnning  clutch  mountcHl 
in  it. 

Tlie  system  ia  of  the  6-volt,  aingle-wir;  type  with  the  negative 
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terminal  grounded.  The  voltage  of  tbe  generator  is  controlled 
by  a  mercarj'  well  regulator.  A  complete  description  of  this 
type  of  regulator  will  be  found  in  one  of  the  ohaptera  of  Vol  I, 
An  electromagnetic  cutout  of  the  usual  Dolco  type  providea  a 
means  of  automatically  connecting  and  disconnecting  the  gen- 
orator  and  storage  battery.  The  wiring  diagram  of  a  aystem  of 
this  kind  aa  used  on  the  1914  Moon  car  model  6-50  is  shown  in 
Fig.  178. 

The  starting  operation  is,  briefly,  as  follows:  When  the  start- 
ing button  on  the  combination  switch  is  depressed,  a  circuit  is 
completed  from  the  storage  battery  through  the  generator  arma- 
ture and  back  to  the  battery,  which  canaes  the  armature  to  rotate 
'slowly  and  thus  allow  the  train  of  gears  connecting  the  pinion 
on  the  shaft  of  the  electrical  unit  -and  the  gear  on  the  flywheel 
to  mesh  easily.  When  the  starting  pedal  is  thrown  forward  it 
puts  the  gears  into  mesh  and  operates  the  starting  motor  switch. 
The  starting  switch  does  not  move  into  its  closed-circuit  position 
immediately  upon  pressing  the  starting  pedal,  but  a  coil  spring  iB 
compressed  and  when  the  starting  pedal  has  about  reached  the 
extreme  end  of  its  travel  a  latch  is  tripped  and  tho  starting 
switch  quickly  is  closed. 

Four-Tenninal  Electrical  Unit 

The  four-terminal  electrical  unit  with  mercury  well  regulator 
is  a  two-potc  machine  with  its  poles  on  a  vertical  axis  and  each 
pole  provided  with  a  shunt  and  series  winding.  Four  small  ter- 
minals and  one  large  terminal  are  provided  on  the  front  end  of 
tho  electrical  unit.  Or  the  end  toward  the  front  of  the  car.  The 
electrical  unit  is  provided  with  an  armature  but  this  armature 
has  two  windings  and  two  commutators.  The  larger  of  the  two 
commutators,  which  is  toward  the  front  of  the  car,  ia  used  in  the 
cranking  operatious,  while  the  smaller  of  the  two  commutators, 
toward  the  rear  of  the  car,  is  used  when  the  electrical  unit  is 
operating  as  a  generator.  The  driving  connections  between  the 
armature  of  the  electrical  unit  arc  practically  the  same  as  those 
naed  for  the  two-terminal  electrical  unit. 

The  equipment  used  in  the  cranking  operation  is  a  combina- 
tion of  that  used  in  the  6-24-volt  system  and  that  used  with  the 
two-terminal  electrical  unit  system.  The  first  operation,  of  course, 
in  cranMug  is  to  close  tlie  starting  button  on  the  combiaation 
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switch      When  this  switch  ia  dosed  the   magnetic  latch   coil  is 

energized  and  a  circuit  is  completed  through  the  generator  armn 
ture,  causing  the  armature  of  the  electrical  unit  to  reiolve 
slo^l},  which  greatly  assists  in  the  meshing  of  the  starting  gears 
The  wiring  diagram  of  a  good  example  of  a  sfStem  of  this  kind  is 
shown  in  Fig  170  The  energizing  of  the  magnetic  latch  coil 
links  the  mechanism  which  operates  the  gears  and  starting  switch 
to  the  clutch  pedal  shaft  Depressing  the  clutch  pedal  then  puts 
the  gears  into  mesh  and  closes  the  starting  motor  switch 

The  system  iB  of  the  two  wire  ungrounded  type  and  for  this 
reason  four  terminals  are  required  on  the  electrical  unit  The 
terminals  on  the  electrical  unit,  as  you  face  the  terminal  end,  are 
connected  as  follows  The  left  terminal  is  connected  to  the 
positive  brush  of  the  generator,  the  nest  terminal  is  connected 
to  the  end  of  the  npper  shunt  field  coil  the  third  terminal  is 
connected  to  the  negative  generator  brush  and  jlso  the  terminal 
of  the  lower  shunt  field  coil,  and  terminal  No  4  leads  to  the 
negativa  motor  brush 

In  this  system  no  circuit  breaker  is  employed  to  protect  the 
battery  against  overloai  on  the  lighting  circuits,  but  a  protee 
tion  IB  provided  in  these  circuits  by  introducing  suitable  fuses 

Regulation  of  Foar-Temunal  Unit 

The  regulation  of  this  electrical  unit  while  it  is  operating  as 
a  generator  is  the  same  as  in  the  case  of  the  two  terminal  type 
of  electrical  unit,  which  has  already  been  described,  with  the 
following  addition  4ji  adjustable  resistance  is  connected  in 
series  with  the  winding  of  the  mercury  well  regulator  by  which 
the  charging  rate  of  the  generator  can  be  changed  It  is  ad 
visable  to  increase  the  charging  rate  in  cold  weather  and  reduce 
it  in  warm  weather  The  adjustment  in  the  resistance  is  brought 
about  by  moying  a  small  le\er  which  has  one  of  its  ends  extending 
through  a  slot  in  the  cover  of  the  regulator  When  this  lever  is 
at  the  left  end  of  the  slot  the  charging  rate  is  reduced  to  its 
lowest  ^alue,  and  when  it  is  at  the  right  end  of  the  slot  the  charg 
ing  rate  is  at  its  maximum  value 

The  lighting  and  ignition  switches  are  carried  on  the  dash 
Th»  lighting  switch  is  provided  with  three  push  buttons  which 
control  the  various  lighting  circuits  and,  in  addition,  a  fourth 
button  which  is  called  the  starting  button      The  ignition  switch 
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serves  to  make  the  necessary  connections  for  the  ignition  circuits. 
There  are  four  plungers  on  the  switch.  The  lower  plunger  ia 
.  matked  "atart."  '  When  it  is  depressed  a  ahower  of  sparks  is 
produced  across  the  spark  plug  points.  This  switch 'shonid  be 
need  only  in  starting  the  engine.  The  button  at  the  left  is  marked 
"B."  It  puts  the  dry  battery  ignition  system  into  operation 
when.it  is  depressed.  The  button  at  the  right  is  marked  "M." 
It  puts  the  generator  ignition  system  into  operation  when  it  is 
depressed  and  at  the  same  time  causes  the  button  B  to  be  re- 
leased thus  killing  the  dry  battery  ignition.  The  button  at  the 
top  is  marked  "Loek"  and  "Open,"  and  when  it  ia  pushed  in  it 
releases  any  of  the  other  buttons  that  may  be  depressed  and  thus 
cuts  off  the  ignition  from  either  source.     This  top  button  is  pro- 
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vided  with  a  locking  device  which  is  made  operative  by  turning 
the  button  so  the  word  "Lock"  is  at  the  top.  The  button  must 
be  turned  so  the  word  "Open"  is  at  the  top  in  order  that  any 
of  the  other  buttons  may  be   depressed. 

Unit  With  Motor  finish  Switch 

A  good  example  of  a  Delco  electrical  unit  equipped  with  a  motor 
brush  switch  and  mercury  well  regulation  is  shown  in  the  wiring   . 
diagram  in  Fig.  180.     The  system  is  of  the  single-wire  type,  and 
the  negative  terminal  is  grounded  as  shown  diagrammatic  ally  in 
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the  fl^re.  When  the  starting  button,  shown  at  S  in  the  wiring 
diagram,  is  depressed  current  is  sent  through  the  armature  of 
the  generator  and  shunt-field  winding,  which  causes  it  to  rotate 
BI0WI7,  Pressing  down  on  the  starting  pedal  opens  the  generator 
circuit  at  the  negative  brush  of  the  starting  motor,  throws  the 
starting  motor  gears  into  mesh  and  closes  the  circuit  through 
the  armature  and  field  winding  of  the  starting  motor.  As  soon 
aa  the  starting  pedal  is  released  and  the  speed  of  the  generator 
reaches  a  sufficient  value  so  that  the  current  produced  in  the 
winding  of  the  cutout  pulls  its  contacts  together,  the  generator 
will  start  to  charge  the  battery  and  will  continue  to  do  so  unless 
its  voltage  drops  below  that  of  the  storage  battery. 

Ddco  Jwiior  System  1914 

The  electrical  unit  used  in  connection  with  this  system  is  a 
eombined  motor  and  generator  with  aViugle  armature  equipped 
with  two  commutators,  both  being  at  the  end  of  the  armature 
toward  the  front  of  the  ear.  The  larger  commutator  is  nearer 
the  armature  winding  and  is  for  the  starting  motor  operation 
while  the  smaller  commutator  is  for  the  generator  action.  The 
system  is  of  the  single-wire,  6-volt  type  with  the  negative  side 
grounded  to  the  frame  of  the  car.  A  wiring  diagram  of  a  system 
of  this  kind  is  shown  in  Fig.  181. 

An  electromagnetic  cutout  is  located  inside  the  upper  part  of 
the  housing  of  the  electrical  unit  which  performs  a  double  fnnc- 
tion.  When  the  starting  pedal  is  depressed  the  cutout  contacts 
are  closed  by  one  arm  of  a  bell  crank  which  has  its  remaining 
arm  connected  to  the  rod  that  operates  the  sliding  gears.  As 
soon  as  the  eutont  contacts  are  closed  a  current  will  be  produced 
in  the  shunt-Held  winding  and  the  generator  armature  winding  of 
the  electrical  unit,  which  will  cause  the  armature  of  the  electrical 
unit  to  rotate  and  thus  assist  in  meshing  the  driving  gears- 
Attached  to  the  rod  which  moves  the  gears  into  mesh  with  each 
other  is  a  rod  which  extends  through  the  housing  of*  the  electrical 
unit.  When  the  starting  pedal  is  depressed  this  long  rod  is  drawn 
toward  the  rear  of  the  housing  and  causes  the  starting  motor 
brush,  which  normally  is  raised  from  the  commutator,  to  make 
contact  with  the  commutator  and  one  of  the  generator  brushes 
is  raised,  which  opens  the  generator  charging  circuit.  When  the 
starting  pedal  is  released  the  motor  brush  is  raised,  the  gener&tor 
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brush  is  restored  to  its  normal  position  on  the  commutator  and 
the  cutout  contacts  are  allowed  to  open  unless  the  current  in  the 
winding  of  the  cutout  is  ample  to  keep  the  contacts  closed. 

The  electrical  unit  is  provided  with  three  field  windings  as 
shown  diagram  mat  ically  in  the  figure.  The  series  field  winding 
is  in  service  only  when  the  electrical  unit  is  being  used  as  a 
motor.  The  shunt-fleld  winding  is  connected  directly  across  the 
terminals  of  the  generator  armature.  The  reverse  series-fleld 
winding  is  in  series  with  the  line  from  the  generator  to  the  cut- 
out and  carries  all  the  current  being  delivered  by  the  generator. 
The  magnetizing  action  of  this  reversed  series-field  winding  is 
opposite  to  that  produced  by  the  shunt-field  and  as  the  current 
delivered  by  the  generator  increases  an  increased  demagnetizing 
action  is  produced,  which  tends  to  prevent  an  inereaae  in  the 
current  delivered,  as  the  voltage  generated  in  the  armature  wind-  • 
ing  will  not  be  as  high  as  it  would  be  if  the  magnetic  field  were 
not  acted  upon  by  the  reversed  series-field  winding. 

Fivc-Batton  Dash  Switch  Syatenu  1915 

The  Delco  electrical  systeniB  for  1915  are  equipped  with  the 
dash  type  of  switch,  which  has  three  lighting  buttons  and  two 
ignition  buttons.  Three  diflferent  types  of  equipment  will  he  con- 
sidered. The  main  difference  in  these  systems  is  in  the  method 
employed  in  regulating  the  output  of  the  generator. 

R^[ulatioii  by  Centrifugal  Gov«raor 

The  type  used  more  than  any  other  is  one  in  which  the  current 
output  of  the  generator  is  regulated  by  a  cent rifu gaily-operated 
governor  and  field  resistance.  This  type  is  used-  on  the  Auburn, 
Bnicb  models  3S  and  51,  Cole  S-50,  Hudson  6-10,  Jackson,  Moon, 
Oakland,  Oldsmobiie,  Faterson  and  Westcott. 

A  wiring  diagram  of  an  installation  of  this  kind  on  the  1915 
Auburn  6-4D  is  shown  in  Fig.  182.  The  amount  of  the  regulating 
resistance  in  series  with  the  shunt  field  of  the  generator  is  de- 
termined by  the  speed  of  the  shaft  of  the  electrical  unit,  which 
causes  the  contact  arm  to  move  up  and  down  on  the  regulating 
resistance  by  the  action  of  the  cent  rifu  gaily -operated  governor. 

The  starting  operation  is  performed  as  follows:  Button  M  on 
the  combination  dash  switch  is  pulled  ant,  and  this  cloM*  lw« 
circuits.    One  may  be  traced  from  the  positive  side  of  tlie  baitiaj 
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to  terminal  point  1,  through  the  winding  of  the  circuit  breaker, 
through  the  upper  switch  apringB  of  the  left  switch,  which  now 
are  closed,  to  the  terminal  point  8,  then  through  the  primary 
winding  of  the  ignition  coil  through  the  timing  contacts,  the 
roBiatance  unit  and  to  grounil,  which  completes  the  circuit  as  the 
negative  terminal  of  the  battery  is  grounded. 

The  second  circuit  closed  by  the  button  M  may  be  traced  as 
follows:  Starting  with  the  positive  terminal  of  the  battery  to 
the  terminal  point  I,  through  the  lower  switch  springs  of  the 
left  switch,  which  are  now  closed,  to  the  terminal  point  7,  then 
to  the  junction  point  of  the  shunt  field  circuit  and  the  generator 
armature  circuit,  where  the  circuit  divides.  One  path  is  through 
the  generator  armature  through  the  switch  above  the  motor  brush 
to  ground,  which  GorreapandB  to  the  negative  terminal  of  the 
battery,  and  the  other  path  is  through  the  shunt-field  winding 
and  regulating  resistance  to  the  ground  connection,  or  negative 
terminal,  of  the  battery. 

As  Boon  aa  the  button  M  ia  depressed  the  generator  armature 
acta  aa  a,  motor  and  revolves  alowly.  When  the  atarting  pedal  is 
depreased  the  geara  connecting  the  armature  of  the  electrical 
unit  to  the  crankshaft  of  the  engine  are  thrown  into  mesh,  and 
tbo  atarting  motor  circuit  ia  closed  by  lowering  the  motor  bruah. 
At  the  aame  time  the  motor  brush  ia  lowered,  the  generator  arma- 
ture circuit  is  opened.  When  the  starting  pedal  is  released  the 
motor  circuit  immediately  is  opened  and  the  generator  armature 
circuit  closed.  The  generator  armature  circuit  now  is  connected 
to  the  terminals  of  the  battery  and  will  charge  the  battery,  pro- 
vided the  voltage  generated  in  the  armature  winding  of  the  gen- 
erator exceeds  the  voltage  of  the  battery.  When  the  engine  ia 
operated  at  low  apeeda  or  stopped  with  the  button  M  depressed 
the  battery  voltage  wiU  exceed  the  generator  voltage,  and  the 
battery  will  start  to  discharge  through  the  armature  and  field  of 
the  generator  and  the  generator  will  be  acting  as  a  motor.  It 
will  not  transmit  any  power  to  the  engine  crankshaft  as  the 
over-running  clutch  connecting  the  two  vrill  allow  the  armature 
of  the  electrical  unit  to  run  ahead  of  the  engine.  The  construc- 
tion of  the  over-running  clutch  ia  auch  that  a  clicking  aound  will 
be  heard  when  the  generator  ia  acting  as  a  motor  and  lerves  as 
a  warning  to  the  driver  to  pull  out  the  button  M  if  the  engine 
is  stopped  with  the  button  depressed.  -.  , 
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The  switcli  B  Ib  a  duplicate  of  the  one  just  deecribed.  It 
functions  in  exactly  the  same  way  in  connecting  the  generator 
armature  terminals  and  the  battery.  When  switch  B  ia  closed  the 
ignition  current  is  supplied  by  a  set  of  dry  cells  instead  of  being 
obtained  from  the  storage  battery. 

The  switch  T  controls  the  cowl  and  taillights.  The  switch  8 
controls  the  low-candlepower  headlights  and  the  switch  E  con- 
trols the  high-candlepower  headlights.  All  current  drawn  from 
the  storage  battery,  except  that  required  to  operate  the  starting 
motor,  passes  through  the  circuit  breaker  winding,  and  should 
this  current  become  excessive  the  circuit  hrealier  immediately 
will  operate  similarly  to  a  buzzer  and  thus  serve  as  a  warning 
that  something  is  wrong  with  some  part  of  the  electrical  system, 
due  to  a  short,  ground,  or  overload  from  some  cause. 

R^utation  by  Revened  Series  Field  ^ 

The  second  type  of  Delco  1915  equipment  makes  use  of  the 
reversed  siries-field  winding  for  regulating  the  output  of  the 
electrical  unit  when  it  is  operated  as  a  generator.  This  system 
is  found  On  1915  Buick  models  21  and  25  and  on  1915  Cartercar 
model  9.  The  wiring  diagram  of  the  inBtallation  on  the  Cartercar 
is  shown  in  Fig.  183.  The  electrical  unit  used  in  this  installation 
is  similar  to  the  electrical  unit  used  in  connection  with  the  Delco 
Junior  system.  The  last  switch  on  the  right  end  connects  *he 
headlights  to  the  battery  with  the  dimmer  resistance  in  series. 
If  the  second  switch  from  the  right  end  is  closed,  the  dimmer 
resistance  is  short-circuited  and  the  lamps  are  connected  directly 
to  the  battery.  ^ 

Regulatioii  Combinidion  witii  Current  Regidator 

The  third  type  of  Delco  1915  equipment  used  a  current  regula- 
tor in  addition  to  the  reversed  series  field.  The  1915  Cole  model 
4<40  uses  this  system*.  A  wiring  diagram  is  shown  in  Fig.  1S4. 
The  winding  of  the  current  regulator  is  connected  directly  in 
series  with  the  lead  from  the  positive  generator  brush  to  the 
terminal  point  6  and  carries  all  the  current  delivered  by  the 
generator.  If  this  current  exceeds  a  certain  value,  the  armature 
of  the  controller  is  drawn  up  and  the  contact  points  open,  whleh 
introduces  a  resistance  in  series  -with  the  shunt-field  winding. 
1  shunt-field  resistance  causes  a  decrease  in   the 
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field  current  and,  hence,  a  decrease  in  the  strength  of  the  mag- 
netic Held  in  which  the  armature  ia  rotating.  This  wiU  reauH 
in  a  decrease  in  the  voltage  generated  in  the  armature  of  the 
electrical  unit,  which  will  cause  a  reduction  in  the  value  of  the 
current  being  delivered.  When  the  current  drops  below  a  certain 
value  the  contacts  will  close  and  the  output  will  increase  in 
value.  This  cycle  of  operations  will  be  repeated  man;  times  a 
minute,  and  the  current  actually  will  remain  practically  con- 
stant in  value. 

Third  Brush  R^ulation 

The  output  of  practically  all  the  electrical  units,  when  operat- 
ing as  a  generator,  that  were  put  out  by  the  Delco  company  dur- 


Figs.    18S    and    186 — Delco    four-button    Ignition    and    lighting 
etBlichce  wllh  ammeter  moilnted  on  Ihc  aame  panel  in  (he  lower 
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ing  1916  and  since,  are  regulated  by  the  tliird-bruah  method.  The 
construction  of  the  electrical  units  for  the  different  installations 
ia  practically  the  same.  The  chief  difference  is  in  the  wiring 
and  type  of  combiuatiou  switch.  The  majority  of  the  installa- 
tions use  a  push-button  type  of  switch  with  four  push  buttons 
instead  of  five.  Front  views  of  two  different  four-button  switches 
are  shown  in  Figs.  185  and  186.  The  only  difference  in  the  two 
switches  is  that  an  ammeter  is  provided  on  one  and  there  is  none 
on  tho  other.  The  operation  of  this  switch  is  practically  the 
same  as  the  operation  of  the  five-button  type  except  that  a  single 
ignition  button  is  used  and  the  dry  batteries  are  done  away  with. 
The  wiring  diagram  of  a  typical  system  of  this  kind  is  shown  in 
Fig.  187.  An  ammeter  is  connected  in  the  lead  from  the  positive 
battery  terminal  to  the  terminal  pest  marked  3  in  the  diagram. 
The  starting  motor  is  equipped  with  a  brush  type  of  starting 
switch,  and  the  operation  of  this  starting  switch  opens  the  lead 
from  the  positive  generator  brush  to  the  terminal  post  marked  2. 
The  generator  acts  as  a  motor  when  the  combined  starting  and 
ignition  switch  is  pulled  out  and  thus  assists  in  meshing  the 
starting  gears.  This  type  of  electrical  system  is  used  on  the 
Auburn  6-40A,  Buiek  D-44, 45  and  D-S4, 65,  Buick  D-4  truck,  Moon 
models  6-30  and  6-40,  Oakland  38,  Oldsmobile  43  and  Westcott 
models  41  and  51. 

Six- Volt,   Two-Unit,   Sin^V^e 

The  generator  on  the  6-volt,  two-unit,  single-wire  Delco  system 
is  of  the  round-frame  construction  with  two  poles.  There  are  two 
main  brushes  resting  on  the  commutator  and  also  a  third  brush. 
In  some  machines  only  one  shunt  coils  is  provided,  while  in  others 
there  are  two  shunt  coils,  one  on  each  of  the  poles.  One  terminal 
of  the  machine  is  grounded  and  the  remaining  terminal  is  con- 
nected to  a  terminal  post  on  the  end  of  the  machine.  The  shunt- 
field  coil  has  one  of  its  terminals  connected  to  the  third  brush 
and  the  other  end  may  be  connected  to  the  terminal  on  the  ma- 
chine, or  in  some  eases  it  is  led  to  the  switch  on  the  dash. 

Eegulation  is  by  the  third-brush  method.  The  output  of  the 
generator  is  increased  by  moving  the  third  brush  in  the  direc- 
tion of  rotation.  The  adjustment  of  the  third  brush  should  be 
made  carefully  by  an  experienced  person,  and  eare  should  be 
taken  to  see  that  it  seats  perfectly  on  the  commutator  after  its 
position  is  changed. 
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Startmg  Motor 

i   starting   motor  is  a   aeries- wound,   four-pole,  S-voU   type. 


The  internal  connections  are  shown  diagrammatical ly  in  Fig,  1S8. 
The  motor  shaft  is  fitted  with  a  Bendiz  drive,  which  engages 
with  the  teeth  on  the  flywheel  aa  soon  as  the  armature  of  the 
motor  starts  to  revolve.  The  starting  switch  is  of  the  pedal- 
operated  plunger  type. 

Typical  Wring  IMagrain 

The  complete  wiring  diagram  of  a  Bystein  of  the  two-unit  type 
as  found  on  the  1S17  Westeott  cars  is  shown  in  Fig,  188.  The 
ignition  and  cutout  switch  are  combined,  and  the  generator  is 
connected  to  the  terminals  of  the  battery  when  the  ignition  switch 
ia  closed.  The  generator  will  act  as  a  motor  and  its  armature 
will  revolve,  as  it  ia  connected"  to  the  pump  shaft  by  an  over- 
running clutch.  As  soon  bb  the  starting  switch  is  closed  the 
starting  motor  is  connected  to  the  engine  by  the  Bendix  drive 
and  cranks  the  engine,  which  will  start  to  run  nnder  its  own 
power.  When  the  speed  of  the  engine  has  increased  to  a  sufficient 
value  it  starts  to  run  the  generator,  and  finally  the  voltage  gen- 
erated in  the  armature  of  the  generator  is  greater  than  the 
voltage  of  the  storage  battery  and  the  generator  starts  charging 
the  battery. 

All  the  various  circuits,  escept  the  ignition  and  starting  motor 
circuits,  are  protected  by  a  circuit  breaker. 

Delco  Ignitioii  Sjrttem* 

The  Delco  ignition  system  in  its  simplest  form  consists  of  a 
storage  battery  or  some  other  source  of  direct  current,  an  inter- 
rupter or  breaker,  with  its  condenser,  and  a  transforming  device 
such  as  an  ignition  coil.  The  systems  manufactured  in  1912,  1913 
and  1914  provide  for  dual  ignition,  using  the  current  from  the 
storage  battery  or  generator  and  also  from  a  separate  set  of  dry 
cells,  although  the  same  breaker  was  used  for  both  types  of 
ignition  on  the  later  1914  ears.  In  1915  the  single  ignition  was 
adopted  for  use  either  with  the  storage  battery  or  dry  cells.  In 
the  case  of  the  1916  systems  and  those  following,  the  storage 
battery  is  used  for  ignition,  no  dry  cells  being  provided  on  most 
of  the  cars.     The  general  features  of  the  Delco  ignition  systems 
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for  the  various  years  readily  can  be  seen  by  reference  to  the 
wiring  diagrams  of  the  Delco  electrical  systema  already  given. 
The  followiag  general  discussion  on  Delco  ignition  troubles  and 
their  remedies  should  be  followed  carefully  by  owners  of  this 
equipment  and  repairraen  who  liave  equipment  of  this  make  to 
look  after.  A  great  many  of  the  difficulties  are  applicable  to  all 
ignition  syetems  and  for  this  reason  should  be  given  carefnl 
attention  by  everyone  having  anything  to  do  with  the  electrical 
equipment  of  the  motor  car. 

Troubles  With  Ignitioii  Systems 

The  troubles  with  the  Delco  ignition  systems  are  located- 
readily,  if  a  systematic  attempt  is  made  to  properly  analyse 
them.  In  the  first  place  troubles  can  be  divided  into  two  gen- 
eral classes — low-tension  and  high-tension.  Low-tension  circuit 
troubles  and  their  remedies  will  be  considered  first. 

High  voltage  in  the  ignition  circuit  may  be  caused  by  loose 
connections  in  the  circuit  between  the  generator  and  storage 
battery  or  by  a  badly  overcharged  storage  battery.  These 
troubles  are  located  very  easily  by  measuring  the  voltage  at  the 
distributor  and  at  the  storage  battery  with  a  suitable  voltmeter 
and  comparing  the  voltage  to  the  voltage  on  similar  cars  that 
are  operating  in  a  satisfactory  manner.  The  condition  of  the 
various  connections  can  be  observed  by  a  careful  inspection  of 
the  apparatus.  The  condition  of  the  storage  battery  can  be  ob- 
served by  noting  its  specific  gravity  and  by  seeing  whether  the 
amount  of  distilled  water  required  every  week  to  keep  the  battery 
filled,  to  the  proper  level  is  excessive  or  not.  An  excessive  cnr 
rent  may  pass  through  the  contacts  if  the  resistance  unit  is  short- 
circuited.  This  trouble  can  be  tested  as  follows:  Bemove  the 
distributor  head  and  rotor  and  turn  on  the  "mag."  or  generator 
ignition,  holding  the  contacts  together  (irmly  by  hand.  If  the 
resistance  unit  is  aasembled  on  the  distributor  properly,  it  will 
heat  up;  if  it  does  not  heat  up,  it  will  indicate  that  the  resistance 
unit  is  not  in  the  circuit,  and  in  this  event  it  should  be  reas- 
sembled properly. 

The  effect  of  high  voltage,  whether  due  to  loose  connections  in 
the  generator  circuit  or  to  an  overcharged  battery,  will  be  to 
permit  an  escesstve  current  to  pass  through  the  timer  contacts. 
A  similar  effect  will  be  noticed  if  the  resistance  unit  is  short- 
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eircaited.      The   contacts   wUI   be   burned   or   pitted   excessively, 
although  tbo  ignition  may  appear  to  be  very  good  and  withont 

If  the  condenser  is  not  in  good  condition,  the  contacts  will 
burn  and  pit  rapidly,  duo  to  the  excessive  arcing  when  they  are 
separated,  but  the  ignition  will  be  rather  bad,  if  indeed  it  will 
operate  the  motor  at  all,  so  that  the  burning  of  the  contacts,  due 
to  a  bad  condenser,  as  a  rule  can  be  distinguished  from  burned 
contacts  due  to  a  high  voltage  or  to  a  short-circuited  resistance 
unit.  A  very  good  test  for  the  .condenser,  with  which  to  show 
whether  it  is  in  good  condition  or  not,  is  to  connect  it  up  in 
accordance  with  the  circuit  diagram  shown  in  Fig.  18!).  For  this 
test  a  110  or  220.volt  source  of  direct  current  is  necessary,  with 
a  lamp  of  the  same  nominal  voltage  as  tho  circuit  and  the  wiring 
shown.  The  lamp  is  connected  in  series  with  the  line  and  the 
condenser  across  the  line.  If  the  terminals  A  and  B  H,rc  attached 
toother,  a  very  faint  spark,  which  has  a,  snapping  sound  similar 
to  the  sound  made  when  leads  from  a  storage  battery  are  at- 
tached together,  should  occur.  If  the  condenser  be  disconnected 
from  the  circuit,  a  much  different  arcing  will  be  observed,  some- 
what longer  and  yellower  and  without  the  distinct  snapping 
sound  mentioned  previously. 

If  a  condenser,  known  to  be  good,  is  tested  in  this  manner 
once,  it  will  enable  the  observer  to  distinguish  between  the  sparks 
at  the  points  A  and  B  obtained  with  a  good  condenser  and  a  bad 


A 


Fig.   189— Ea<W  melkoa  of  teatinn  a  coni(en«cr 
condenser  very  readily,  as  a  bad   condenser  will  give   the   same 
quality  of  spark  as  if  no  condenser  at   all  were  in  the   circuit. 
This  teat  is  a  mere  qualitative  test,  but  this  is  about  the  only 
satisfactory  test  which  can  be  found  which  does  not  require  ex- 
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pensive  apparatus.  In  the  earlier  syatema  the  condenser  was  i 
the  form  of  a  flat  oblong  bo*,  faatened  to  the  distributor  by  tour 
screws,  but  Jn  a  great  manj  of  the  1916  and  later  systems  the 
condenser  la  mounted  inside  the  black  ease  containing  the  igni 

In  the  case  of  all  the  breaker  assemblies  built  m  1915  or  earlier 
particular  attention  must  be  paid  to  the  little  pigtail  If  tl  is  is 
broken  off  the  contact  arm  the  latter  will  tend  to  atiek  to  the 
stud  on  which  it  moves  will  jermit  excessive  arcing  at  the  con 
tacts  and  as  a  rule  will  cause  a  verv  decided  ignition  mias  It 
will  be  well,  therefore,  to  make  careful  examination  of  the  eon 
tacts  and  make  sure  that  thej  are  aljuatel  correctly  from  a 
mechanical  point  of  view  and  that  this  pigtail  is  in  place  before 
proceeding  with  any  of  the  electrical  tests  The  contacts  con 
sist  of  small  disks  of  tungsten  nelded  to  a  copper  base  which  in 
turn  is  welded  to  a  support  such  as  a  steel  screw  or  contact  arm 
When  the  tungsten  has  worn  away  completelj  so  that  the  copper 
is  exposed  on  the  surface  of  the  contact  the  entire  contact  arm 
or  screw  should  be  replaced 

On  the  1916  type  of  breaker  assembly  with  the  steel  timing 
cam,  it  has  been  found  that  there  is  a  certain  amount  of  burning 
of  the  contacts  if  the  gap  between  them  is  too  small,  hence  par- 
ticular care  should  be  used  in  setting  these  contacts  at  the  proper 
distance  before  making  any  electrical  tests.  The  instructions 
given  in  the  various  Delco  instruction  books  on  these  ears  go  into 
detail  and  mention  the  gap  recommended  for  any  particular  car. 
Reference  should  be  made  to  these  books,  and  if  the  information 
desired  is  not  available,  it  will  be  supplied  either  by  the  motor 
car  companies  or  the  service  department  of  the  Deleo  company. 

Cases  where  the  gap  spears  to  be  different  for  the  different 
lobes  of  the  cam  may  be  noted  from  time  to  time.  This  is  due 
either  to  the  distributor  shaft  being  eccentric,  which  in  turn  is 
caused  by  loose  or  worn  hearings,  or  due  to  one  or  more  lobes  on 
the  cam  being  higher  than  the  others.  A  thorough  mechanical 
inspection  usually  will  disclose  wher^  the  fault  lies.  If  the  troubl* 
lies  in  the  bearings,  they  can  be  tightened,  if  of  the  type  nsed  in 
1915  or  earlier  and  also  in  the  case  of  some  of  the  1916  and  later 
machines  equipped  with  ball  bearings.  In  the  case  of  the  1916 
apparatus  supplied  with  the  bronze  graphite  bearings,  a  new 
bearing  will  have  to  be  installed.     If  the  timing  cam  has  high 
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lobes,  these  can  be  smoothed  off  slightt;  ho  as  to  make  them  even, 
with  the  others.  However,  if  the  earn  is  too  badly  worn  to  permit 
of  this,  it  will  be  necessary  to  order  and  install  a  new  cam. 

Another  cause  of  trouble  with  the  ignition  system  is  low  volt- 
age. If  the  generator  faib  to  charge  for  any  reason,  the  voltage 
of  the  battery  should  be  sufficient  to  take  care  of  the  ignition, 
but  if  in  addition  to  the  failure  on  the  part  of  the  generator  to 
charge  the  battery  properly,  the  battery  itself  is  in  such  bad  shape 
that  its  plates  are  sulphated  or  one  or  more  of  Ita  cells  are  in* 
ternally  short-circuited  so  the  terminal  voltage  of  the  battery 
when  supplying  current  for  the  ignition  is  materially  less  than 
5.2  volts,  an  ignition  tnisa  may  occur.     Also,  if  the  ignition  cir- 
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Od  the  1B14  systems  pBTticulmrly,  but  on  an;  of  the  systems 
with  the  grounded  atoTRge  battery  and  either  the  dual  type  of 
breaker,  Fig.  190,  or  the  atngle  breaker  with  the  dry  cell  circuit 
connected  directly  to  one  side  of  the  coil.  Fig.  191,  a  ground  in 
the  dry  cell  circuit  may  act  as  a  second  ground  in  the  "mag." 
ignition  circuit  and  so  canse  the  current  to  flow  through  the  pri- 
mary of  the  coil  while  the  timer  contacts  are  open.  This,  of 
course,  will  ronder  the  ignition  inoperative  on  the  "mag."  side 
but  may  have  absolutely  no  effect  on  the  dry  cell  ignition.  A  test 
for  such  trouble  is  simply  to  disconnect  the  dry  cell  circuit  com- 
pletely and  note  the  effect  on  the  "mag."  ignition.     If  it  re- 
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moves  the  trouble,  the  ground  which  is  causing  it  should  be  lo- 
cated and  removed. 

The  coil  itself  may  have  an  open-circuited  primary.  If  the 
break  is  clean,  it  of  course  will  be  impossible  to  get  any  current 
through  the  primary  of  the  coil,  but  it  sometimes  happens  that 
the  ends  of  the  break  are  touching  each  other  so  that  very  nearly 
a  normal  amount  of  current  will  pass  through  the  coil  while  th« 
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car  is  standing  still  but  the  ends  will  be  sepstated  enough  when 
the  engine  is  running,  due  to  vibration,  to  prevent  tJie  requisite 
amount  of  current  from  passing  through  the  coil.  This,  of  course, 
will  cause  very  unsatisfactory  ignition.  The  most  satisfactory 
test  for  this  particular  trouble  is  to  substitute  another  coil  o£  the 
Eiame  typ<e  and  note  the  effect  on  the  ignition. 

High-Teiuion  ^nition  Troubles 

Leaks  in  the  high-tension  wiring  permit  current  to  jump  from 
the  high-tension  wire  to  ground  and  will  cause  an  ignition  miss 
and  may  occur  only  at  such  times  as  accelerating  while  hillclimb- 
ing,  or  they  may  occur  regularly  and  indicate  that  one  or  more 
cylinders  are  missing.  The  best  way  to  locate  such  leaks  is  to 
run  a  separate  wire  from  the  distributor  bead  to  the  spark  plug, 
outside  of  any  conduit  that  may  be  on  the  car,  and  in  this  way 
replace  in  turn  each  of  the  high-tension  wires  until  the  defective 
one  is  fonnd.  When  found,  it  should  be  properly  replaced  with  a 
new  high-tension  lead  installed  in  the  conduit,  if  there  be  one. 
Friction  tape,  or  what  is  known  as  bicycle  tape,  should  not  be 


Fig.  192— CIeo»(iiu  IgnUton  head 
used  in  the  insulation  of  a  high-tension  wire,  as  it  is  a  very  poor 
insulator  for  this  purpose. 

The  distributor  head  itself  may  cause  trouble  if  the  track  gets 
sufficiently   dirty   to   carbonize   so   that   the   spark   jumps   across 
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from  one  terminal  to  another  and  tauses  pre  ignition  The  most 
satiBfftctory  test  for  aueh  trouble  is  to  replace  the  head  with 
another  head  of  similar  model  and  note  the  effect  upon  the  igni 
tion  It  iH  recommended  that  the  trai.k  of  the  distributor  head 
be  kept  clean  with  a  rag  slightly  moistened  with  vaseline,  to 
iteep  tt  polished  and  prevent  the  rotor  button  from  sticking  and 
thus  cutting  the  track      See  Fig   192 

If  the  track  appears  to  be  cut  up,  the  rotor  should  be  inspected 
to  make  sure  that  the  button  is  assembled  with  its  spring  properlr 
And  that  the  pressure  of  the  rotor  button  is  not  too  great  on  the 
distributor  bend  If  the  pressure  is  unduly  great,  due  posiibly  to 
the  incorrect  installation  of  the  rotor  button  qpring,  it  maj  cause 
abnormal  wear  on  the  track  This  is  particularly  true  if  the 
button  gets  cocked  sideways  It  then  will  tend  to  wear  the  track 
\ery  badly  The  rotor  also  may  give  trouble  from  imperfect 
insulation  between  the  rotor  contact  ind  the  ground  the  metal 
iltatributor  shaft  on  which  it  will  be  mounted  when  assembled  ss 
a  part  of  the  distributor  To  test  this,  place  it  on  the  side  of  the 
distributor  shaft  and  see  if  a  spark  from  the  ordinary  ignition 
coil  will  jump  to  ground  when  held  close  to  the  rotor  button  con 
tact  If  the  rotor  insulation  is  sufficiently  good,  either  no  spark 
at  all  or  onlv  a  very  thin  pale  blue  spark  will  be  noted,  but  if 
the  insulation  is  bad,  a  hot  spark  will  jump  to  the  rotor  con 

BOTATION  OF  aOTOR 
ClOCKWiSE  fS  INDICATED, 
BY  ARROW  LOOKING     ' 
OM  TOP  OF  HEAD 


tact  and  thence  to  the  ground.     If  the  rotor  insulation  appears 
to  be  bad,  the  entire  rotor  should  be  replaced  by  a  now  one. 

The  relative  position  of  rotor  contact  to  distributor  head  con- 
tact at  the  moment  when  the  spark  occurs  may  be  sntBciently  in- 
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correct  to  permit  pre-igcition.  The  apark,  of  courae,  occurs,  ia 
ConnectioD  with  the  variou!i  "mag."  or  generator  ignition  s^e- 
tema  manufactiired  hj  the  Delco,  when  the  timer  eontaeta  are 
just  beginning  to  break.  Therefore,  the  relative  position  of  the 
two  contacts  should  be  considered  for  a  given  angle  of  advance 
of  the  spark  lever,  with  the  timer  contacts  juat  beginning  to 
break.  With  No.  1  cylinder  on  dead  center  and  with  the  timer 
contacts  Juat  beginning  to  break,  when  the  spark  lever  is'  at  a 
position  corresponding  to  full  retard,  the  rotor  contact  should  be 
a  third  on  the  distributor  head  contact  in  the  direction  in  which 
the  rotor  is  revolving.  Thia  ia  illustrated  in  Fig.  193,  and  is 
approximately  correct  for  the  varioua  systema  manufactured  to 
date.  If,  with  the  position  of  the  timer  contacts  and  the  cylinder 
on  dead  center  as  before,  the  rotor  contact  ia  about  mid-way  be- 
tween the  distributor  head  terminals  1  and  3,  the  spark  may  jump 
to  either  cylinder.  If  it  jumps  to  either  terminal,  and  if  it  jumps 
to  terminal  No.  3,  it  will  cause  pre-ignition  in  the  cylinder  which 
has  just  completed  its  intake  stroke.  Trouble  of  this  sort  can 
be  found  only  by  a  careful  inspection  of  these  points,  and  if  they 
are  found  to  be  out,  the  most  satisfactory  way  to  overcome  the 
trouble  is  to  turn  the  distributor  head  around  and  set  it  in  its 
proper  place.  This  is  accomplished  most  easily  by  the  use  of 
adjustable  head  clips,  which  can  be  obtained  from  Delco  and 
put  on  the  distributor  in  place  of  the  clips  regularly  sent  out  with 
theae  distributors.  An  adjustment  of  approximately  %  inch  is 
obtainable  with  these  clips,  and  they  will  take  care  of  any  ease 
of  trouble  of  thia  sort  that  may  ariae. 

An  open -circuited  or  partially  short-cirouited  secondary  in  the 
ignition  coil  may  cause  a  very  weak  spark.  If  trouble  of  this 
sort  is  found,  as  a  rule  it  will  be  necessary  to  replace  the  ignition 
coil.  By  noting  the  strength  of  the  apark,  if  it  is  not  aufBciently 
great  and  all  the  preceding  tests  indicate  that  the  trouble  lies  in 
the  secondary  of  the  coil  itself,  it  will  be  well  to  test  the  trouble 
by  trying  a  new  coil  of  a  similar  type  and  noting  the  effect  on 
the  ignition.  If  the  trouble  is  eliminated,  the  coil  should  be  re- 
placed permanently. 

Automatic  Spark  Advance  Mechanism 

All  automatic  advance  mechanisms  put  out  by  Delco  during 
the  various  years  from  1913  to  the  present  time  are  driven  by  the 


DBLCO    ELECTRICAL   SYSTEMS  279 

distributor  shaft.  The  amount  of  advance  produced  by  the  auto- 
matic governor,  therefore,  will  be  eontroilod  by  the  speed  of  the 
distributor  shaft,  and  as  this  is  geared  or  driven  positively  from 
the  ciankshaft,  it  will  depend  upon  the  engine  speed.  Consider 
an  automatic  governor  with  an  advance  which  staita  to  operate 
at  10  miles  per  hour  and  gives,  say,  15  deBrees  advance  at  25 
miles  per  hour.  In  connection  with  the  same  distributor,  a  manual 
advance  will  be  assumed,  which  has  a  total  range  of  30  degrees. 
Now,  if  at  25  miles  per  hour,  the  manual  advance  be  set  at  SO 
degrees,  the  total  advance  for  the  timing  cam  will  be  tbe  aam  of 
15  and  20,  or  35,  degrees.  If  the  manual  advance  -were  set  at  10 
degrees,  the  total  advance  would  be.  15  plus  10,  or  25,  degrees. 
In  other  words,  at  a  given  speed  the  automatic  advance  will  be 
invariable  and  to  it  must  be  added  the  hand  advance  to  get  the 
total  advance  of  the  timing  cam.  It,  therefore,  follows  that  it 
will  be  necessary  to  adjust  the  manual  advance  lever  to  some 
eitent,  say  for  starting  and  for  vsry  high  speeds,  while  for  a 
range  of  from  10  to  40  miles  on  these  particular  machines,  after 
the  lever  has  been  set  to  suit  the  requirements  of  the  motor  at 
any  speed  in  this  range,  tbe  automatic  advance  will  make  any 
necessary  change  to  suit  the  driving  conditions  over  the  entire 
range  mentioned  above.  The  figures  given  are  illustrative  only 
of  the  general  principle  of  the  spark  advance  as  produced  by 
Delco  and   are   not   meant  to   apply  in   detail   to  any  particular 

Another  matter  frequently  disregarded  is  in  seeing  that  the 
linkage  that  connects  the  spark  lever  to  the  lever  operating  the 
manual  advance  on  the  distributor  is  adjusted  properly.  These 
are  adjusted  correctly  at  the  various  motor  oar  factories,  but 
they  may  require  adjustment  after  the  car  has  been  in  service  for 
some  length  of  time,  especially  if  it  has  been  torn  down  and  re- 
assembled. It  will  be  well  to  obtain  instructions  from  the  ipotor 
car  manufacturers  in  regard  to  the  details  of  the  adjustment, 
and,  in  particular,  be  sure  that  the  motion  of  the  spark  lever 
over  the  quadrant  is  followed  by  a  smooth  and  even  movement 
of  the  lever  on  the  distributor.  There  should  be  no  dead  points, 
as  this  will  result  in  too  great  a  sensitiveness  during  the  time 
the  distributor  lever  actually  is  opersted  by  the  linkage.  Con- 
siderable judgment  is  required  ia  effecting  the  adjustment  of 
these  parts. 
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Locating  Ignitum  Trouble 

In  locating  ignition  troubles  the  fact  tliat  certain  other  troubles 
may  be  mistaken  for  ignition  troubles  should  not  be  tost  aight  of. 
These  include  particularly  incorrect  adjustment  of  the  carbure- 
ters, defects  in  spark  plugs  and  incorrect  adjustment  of  the  apark 
plug  gaps,  excessive  oil  leakage,  improper  valve  setting,  sticking 
valves,  leaks  in  the  intake  manifold  and  the  stoppage  of  gasoline 
supply.  Ab  these  points  are  considered  more  properly  under  the 
head  of  engine  troubles,  they  will  not  be  diacuased  in  this  article, 
but  close  attention  should  be  paid  to  aucb  points  when  looking 
over  the  car  for  ignition  troubles. 

The  exact  manner  of  timing  each  particular  cat  ia  a  matter  that 
Bliould  be  referred  to  the  motor  car  company  itself. 

Ddco  Ignitioa  Relay 

ThB  Ignition  relay  is  conneitrd  into  the  dry  battpry  circuit 
when  used  and  series  to  intirrupt  the  primary  ignition  (ircuit 
and  so  produce  a  high  tension  How  in  the  seiondiry  and  establish 
a  spark  at  the  plugs 

This  relay  consists  of  i  set  of  contacts  operated  bv  an  electro 
magnet  with  two  windings,  one  of  compnratively  coarse  wire,  so 
connected  that  the  current  ceases  to  flow  through  it  when  the 
contact?  are  open,  and  the  other  of  comparatively  fine  wire,  con 
nected  to  the  contacts  in  such  a  way  as  to  hold  the  armature  of 
the  relay  open  after  the  circuit  in  the  coarse  wire  winding  is 
opened  at  the  contacts  This  coil  is  known  as  the  holding  coil 
A  condenser  also  is  connected  around  the  contacts  to  suppress  the 
arc,  and  thus  to  increase  the  speed  VLith  which  tho  arc  between 
these  contacts  is  broken  The  operation  of  the  relav  vanes  with 
the  connection  to  the  external  t-ireuit  shghtly 

The  Lontacts  of  the  relay  and  the  series  coil  are  in  series  with 
a  special  set  of  timer  ( ontacts  on  the  dual  distributor  When 
these  contacts  are  closed  by  the  revoking  cam,  current  passes 
through  the  ignition  coil  and  timer  contatts  and  contacts  of 
relay  and  through  the  scries  coil  energizing  the  latter  This  im 
mediately  causes  the  armature  to  open,  thus  interrupting  the 
primary  circuit  and  causing  a  spark  at  the  spark  plug  As  soon 
as  the  circuit  is  interrupted,  the  series  eoil  is  d"  energized  and 
the  contacts  opened  again      This  is  repeated  indefinitely,  giMup 
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a  vibrating  spark  all  the  time  the  timer  contacts  are  together 
This  occurs  only,  however,  when  the  circuit  between  the  ter 
minals  on  the  cambmation  ignition  and  lighting  switch  is  open 
This  IB  accomplishod  by  pressing  the  starting  button 

If  it  13  desired  to  get  ]\iit  s.  amglo  spark,  the  holding  coil  is 
energized,  and  when  the  irmature  touches  tho  core  it  will  be  held 
there,  bo  that  a  single  aj  ark  similar  to  that  furnished  bv  gen 
erator  or  storage  battery  ignition  w  II  be  obtained  The  holding 
coil  is  energized  bv  releasing  the  starting  hntton 

In  the  Delco  Junior  system  for  1914  the  ignition  switch  com 
pletes  the  primary  circnit,  an  l  in  this  manner  of  nsing  the  relay 
the  holding  coll  circnit  is  completed  through  the  timer  contacts 
Therefore  a  vibrating  spark  will  be  obtained  all  the  time  the 
timer  contacts  are  open,  and  the  timing  of  this  vibrating  spark 
IS  obtained  bv  the  action  of  the  ccntacts  upon  the  holding  coil 
itself  For  this  reason  this  particular  method  of  using  the  rUay 
causes  a  \  ery  late  ignition,  much  later,  m  fact,  than  the  motho  I 
discussed  in  the  preceding  paragraphs 

Electromagnetic  Cutout 

The  principal  functions  of  the  cutout  relay,  or  electromagnetic 
cutout,  as  it  is  now  known,  arc 

1 — To  complete  the  circuit  between  tho  generator  and  atoraije 
battery  when  tlie  generator  is  running  at  a  high  enough  sliced  to 
enable  it  to  charge  the  storage  battery. 

2 — To  open  the  circuit  when  the  speed  of  the  generator  is  ton 
low  to  enable  it  to  charge  the  battery. 

3 — In  the  case  of  the  Delco  Junior  system  for  1914  only,  to 
take  the  place  of  a  starting  switch.  In  this  system  it  is  closed 
mechanically  by  the  brush  shifting  rod,  so  that  the  armature 
revolves  slowly,  the  motor  generator  acting  as  a  shunt  motor, 
thus  making  it  possible  to  mesh  the  starting  gears. 

The  cutout  relay  consists  of  a  set  of  contacts  held  open  by 
spring  tension  and  closed  by  an  electromagnet  which  overcomes 
the  tension  of  the  spring.  They  should  he  open  when  the  engine 
is  at  rest.  The  electromagnet  has  a  eomiKiunil  winding  consist- 
ing of  a  voltage  coil  of  many  turns  of  fine  wire,  which  is  con- 
nected across  the  generator  terminals,  and  a  current  coil  of  a 
few  turns  of  coarse  wire,  which  is  connected  in  series  between 
the  circuit  of  the  generator  and  battery  and  is  energized  only 
when  tho  cutout  relay  contacts  are  closed. 
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"When  tiie  engine  ia  started  the  generator  voltage  builds  np, 
and  when  it  reaehea  a  value  of  between  6%  and  7%  volts,  the 
current  passes  through  the  voltage  winding  and  produces  enough 
magnetism  to  overcome  the  tension  of  the  spring  attracting  the 
armature  to  the  core,  which  closes  the  contacts.  These  contacts 
close  the  circuit  between  the  generntor  and  storage  batter]'.  The 
currefit  now  flows  through  the  current  coil,  producing  magnetism 
in  the  core  in  the  same  direction  as  that  produced  by  the  voltage 
coil,  thus  strengthening  the  pull  on  the  armkture  and  holding  the 
contacts  closed. 

When  the  generator  slows  down  and  its  voltage  drops  below 
that  of  the  storage  battery,  current  flows  from  the  battery  to 
the  generator  in  the  reverse  direction  through  the  current  coil. 
The  direction  of  the  flqw  of  current  through  the  voltage  coil,  of 
course,  remains  nnehanged.  The  magnetism  produced  by  the  cur- 
rent coil  now  opposes  that  produced  by  the  voltage  coil,  so  the 
resultant  magnetism  is  not  sufficient  to  hold  the  armature  closed 
against  the  tension  of  the  spring.  This  causes  the  contacts  to 
open,  preventing  any  continued  discharge  of  current  from  battery 
to  generator.  The  relay  should  cut  out  when  the  discharge  cur- 
rent reaches  a  value  of  between  0  to  1  ampere. 

To  adjust  a  relay  to  cut  out  at  the  proper  discharge  current 
value,  two  things  must  be  kept  in  mind,  the  tension  on  the  spring 
and  the  air  gap  between  the  armaturs  and  core. 

The  air  gap  has  little  or  no  effect  upon  the  point  of  cutout, 
whereas  the  spring  tension  governs  this  almost  entirely.  On  the 
other  hand,  the  point  of  cutting  in  is  governed  by  both  air  gap 
and  spring  tension.  To  illustrate  the  foregoing,  four  cases  will 
be  assumed: 

1— Where  the  relay  cuts  in  at  8  volts  and  cuts  out  when  the 
discharge  current  is  2  amperes.  To  adjust  the  relay,  decrease  the 
air  gap,  as  this  will  cause  the  cut-in  point  to  occur  at  a  voltage 
lower  than  S  volts,  also  increasing  the  discharge  current  at  the 
moment  the  relay  cuts  out.  It  will  be  necessary  to  increase  the 
spring  tension  slightly  to  cause  the  relay  to  cut  out  before  the 
discharge  current  exceeds  one  ampere. 

S — Where  the  relay  cuts  in  at  8  volts  and  cuts  out  with  a  charg- 
ing current  of  1  ampere,  decrease  the  spring  tension,  as  this  will 
cause  the  relay  to  cut  in  at  a  lower  voltage  and  also  to  cut  out 
after  the  current  starts  to  discharge  through  the  relay. 
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3 — Where  the  i^laj  cuts  in  at  6  volts  and  cuts  out  at  a  dis 
charge  eurrent  of  2  amperes,  increase  the  spnng  tension,  whieh 
will  cause  the  relay  to  cut  m  at  a  higher  \  oltage,  and  also  to  tut 
in  at  a  discbarge  enrrtnt  value  of  less  than  2  amperes 

4— Where  the  relav  cuts  in  at  6  volti  and  euta  out  with  a 
charging  current  of  1  ampere  pa-ismg  through  it,  increase  the  air 
gap  sltghtlv  and  also  increase  the  spring  tension  so  as  to  cause 
the  relay  to  cut  in  at  a  higher  voltage  and  also  cut  out  at  a  dis 
charge  current  ^alue  cf  between  0  and  1  ampere 

The  relay  adjuitment  first  should  be  checked  for  point  of  cut 
out  and  cut  in  Then  bearing  m  mmd  whether  or  not  it  is  de 
sired  to  correit  the  point  of  cut  out  at  the  same  time,  the  air  gap 
or  spring  tension  should  be  changed  until  the  reta\  cuts  in  prop 
erlj  As  a  last  precaution  the  contacts  should  be  inspected  to 
make  sure  that  they  touch   at  the  same  time  and   all  the  way 

The  cutout  relay  is  supposed  to  close  when  the  voltage  across 
the  terminals  of  the  \ottag'  coil  is  between  6^^  and  7%  -volts 
To  check  this  voltage,  it  is  desirable  when  adjusting  the  relay  to 
place  a  voltmeter  across  the  terminals  and  make  sure  that  the 
contacts  close  at  a  voltage  somewhere  bctwctn  thesp  values 
The  contacts  ot  the  cutout  relav  arc  suppostd  to  open  when  the 
discharge  current  has  rea<hed  a  value  between  0  and  1  ampere, 
preferablv  as  near  0  as  possible,  to  reduce  arcing  This  can  be 
cheeked  by  placing  an  ammeter  m  the  circuit  in  series  with  the 
current  coil  of  the  cutout  relav  and  seeing  what  the  value  of  the 
current  is  when  the  cutout  relay  opens  When  properly  ad 
justed,  the  air  gap  should  be  approximately  ^  inch  when  the 
contacts  are  elosed  by  lightlv  pressing  the  armature  with  the 
finger 

When  the  relay  contacts  are  burned  or  pitted,  it  is  necessary 
to  smooth  them  This  should  be  done  with  a  strip  of  fine  emery 
cloth,  by  placing  the  strip  between  the  contacts,  holding  them 
lightly  closed  bv  hand,  then  drawing  the  strip  of  emer>  back 
and  forth 

If  the  contacts  are  too  badly  burned,  to  enable  them  to  be 
sucee>">" fully  fitted  in  this  way  it  will  be  necessary  to  replace 
them 

After  the  relay  has  been  reassembled  with  the  new  contacts,  it 
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should   be   adjuated   in   aeeordanee   with   the   inBtructione   given 
previously. 

When  the  eontaets  are  adjusted  correctly,  both  pairs  will  make 
contact  at  the  same  instant  and  clear  acrosH  the  line  of  contact, 
HO  that  when  the  relay  is  held  "up  to  the  light,  it  is  impoaaible  to 
Bee  light  paBsing  through  any  portion  of  the  line  of  contact. 
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It. is  also  desirable  wben  adjusting  relays  to  make  sure  that  all 
the  bushings  are  in  good  condition  and  that  the  connections  and 
coil  terminals  are  free  from  grounds  or  breaks,  as  these  would 
cause  some  nncertalutT'  in  the  operation  of'the  relay. 

Wiring  of  Hudson  St^wr-Six 

Three  different  wiring  diagrams  of  the  Hudson  Super-Six  are 
shown  in  Figs.  104,  195  and  196.  The  system  is  a  sin^e-wire, 
6-voIt,  single-unit  system,  with  the  negative  side  grounded. 

Under  normal  conditions  both  the  brushes  on  the  motor  com- 
mutator aro  raised,  and  when  the  starting  pedal  is  depressed  both 
these  brushes  are  placed  in  contact  with  the  commutator  and 
the  following  circuit  is  eBtabliahed;  From  the  positive  terminal 
of  the  battery  through  the  series  windings  of  the  motor  to  the 
upper  motor  brush,  through  the  motor  armature  to  the  lower 
motor  brush,  which  is  grounded.  The  circuit  is  completed  through 
the  frame  of  the  car  to  the  negative  terminal  of  the  battery. 
Operating  the  starting  pedal,  in  addition  to  moving  the  motor 
brushes,  causes  the  motor  clutch  to  engage  with  the  teeth  on  the 
flywheel  and  with  the  teeth  on  the  armature  pinion. 

■  When  the  ignition  switch  is  Closed  the  generator  brushes  are 
connected  to  the  battery  and  the  generator  will  run  as  a  motor, 
which  will  assist  in  meshing  the  motor  gears.  As  soon  as  the 
starting  pedal  is  depressed  the  generator  circuit  is  opened  at  the 
contacts  controlled  by  the  upper  motor  brush  and  the  generator 
ceases  to  have  a  voltage  generated  in  its  armature  winding  until 
these  contacts  are  closed  by  allowing  the  starting  pedal  to  return 
to  its  normal  position.  The  means  of  operation  of  the  motor 
brushes  is  shown  in  Fig.  197,  and  a  side  view  of  the  complete 
electrical  unit  is  shown  in  Fig.  19S. 

The  lighting  circuits  are  protected  by  t>  eircnit  breaker,  and 
the  headlights  are  dimmed  by  inserting  a  resistance  in  series 
with  them. 

Wring  of  Buick  Models 

Two  wiring  diagrams  of  the  Belco  electrical  systems  found 
on  Buick  models  D-44,  45,  46  and  47  are  shown  in  Figs.  199  and 
200.  The  electrical  unit  is  mounted  on  the  right  side  of  the 
engine  and  in  front  of  the  flywheel.  It  includes  the  starting 
motor  and  the  electrical  generator  and  carries  on  its  forward  end 
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the  electrical  distrtbutOT,  which  is  for  the  proper  timing  and  dia- 
tributiou  of  the  ignition  current.  A  aide  view  of  the  electrical 
unit  is  gicen  in  Figa.  201  and  202. 

When  the  ignition  switch  is  closed  the  generator  acta  as  a 
motor  and  continues  to  do  ao  until  the  upper  brush  is  raiaed  b^ 


Fig.   V61—End   view   of  Dcico   clectHcoX   unK   used   OB   HmtsoH 
Super-Sfcr,  ihovAng  poettioit  of  motor  iruakes  and  melhad  o]  rais- 
ing and  lowering  them 

the   operation   of   the   starting   pedal,   which   closes   the   starting 
motor  circuit  by  lovirering  the  upper  motor  brush. 

After  the  cranking  operation  is  completed  the  starting  pedal 
is  returned  by  a  ssiring,  this  causing  the  motor  brush  to  raise 
from  the  motor  commutator  and  the  generator  brush  to  make 
contact.  The  armature  is  driven  by  the  pump  shaft  through  the 
over-running  geAirator  clutch,  and  the  generator  circuit  is  com- 
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pleted   through  the   cambinatton   atvltch   to   the  storage   battery. 
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Fig    19B— fcMc   ti™    of   Delco    electrical    unit    used    on    Hudson 
Kuper  Sir 

current  When  the  ear  is  being  operated  with  the  lights  on,  the 
ammeter  will  not  indicate  the  total  output  of  the  generator  but 
will  indicate  only  the  amount  of  the  output  of  the  generator 
which  18  actually  charged  into  the  storage  battery,  this  being 
the  output  of  the  generator  less  the  ignition  current  and  what 
IS  being  used  for  lights  With  this  connection  the  ammeter  will 
indicate  the  amount  of  current  being  discharged  from  the  storage 
batterv  for  the  lights  when  the  engine  is  not  operating. 

The  output  of  the   generator  is  controlled  by,  the  third-bruSih 
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form  of  regulation.    The  electrical  circuit  is  Bbown  in  t 

diagram  in  Fig.  199.    The  regulation  of  the  generator  is 

on  account  of  the  variable  speeds  at  nhieh  it  ia  driven,  it  being 

iiecessarj'   that   the   generator   deliver   current   for   charging   the 

storage  battery  ot  operating  lights,  horn  an<1  ignition  at  driving 


speeds  corresponding  to  7  or  8  miles  an  hour  nnd  not  overcharg- 
ing Ht  the  highest  possible  engine  speeds. 

Wiring  of  Oakland  34 

Two  wiring  diagrams  of  the  Delco  installation  on  the  Oakland 
34  are  shown  in  Figs.  203  and  204.  This  is  a  two-wire,  6-volt, 
single-wire   two-unit   system,   the   starting   motor   and   electrical 
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generator  being  two  entirely  diSerent  machines.  The  generator 
output  is  regulated  by  a  third  brush  connected  to  the  storage 
battery  through  a  combination  ignition  and  cutout  switch  as 
shown  in  the  upper  right  comer  of  Fig.  203.  The  starting  motor 
circuit  is  completed  by  depressing  the  starting  switch,  which 
causes  the  starting  motor  to  start  to  revolve,  and  the  Bendix 
drive  is  thrown  into  gear.  The  ammeter  indicates  all  the  cur- 
rent delivered  by  the  battery  except  that  going  to  tho  starting 
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motor  and  horn  circuits.  The  lighting  circuits  are  protected  by 
a  circuit  brealter.  A  front  view  of  tlie  combined  lighting  and 
ignition  switch  is  shown  in  Fig.  205. 

Wiring  of  Cadniac  55 

Two  difEerent  wiring  diagrams  of  the  Delco  installation  on  the 
Cadillac  55  are  shown  in  Figs.  206  and  207.  This  is  a  single-unit, 
6-volt,  single-wire  system.  The  positive  side  of  the  system  la 
grounded  to  the  frame  of  the  car,  and  in  this  respect  it  differs 
from  the  majority  of  Delco  systems. 

The  electrical  unit  is  a  bi-polar  machine  with  a  single 
core  upon  which  are  two  separate  and  distinct  windings  and  e 


Fig.   205 — One  Jorm  oj  Delco   combination  ignition  and   lighting 
meitch 

mutators.  One  winding  is  used  for  starting  motor  action  and  the 
other  when  the  unit  is  operating  as  a  generator.  The  field  wind- 
ing is  composed  of  a  series  and  shunt  coil.  The  shunt  coil  is  for 
generator  action  and  the  series  coil  for  motor  action. 

The  armature  of  the  electrical  unit,  when  acting  as  a  genera- 
tor, is  driven  at  engine  speed.  The  output  of  the  generator  is 
regulated  by  the  third-brush  method.  The  complete  electrical 
unit  is  shown  in  Fig.  20S. 

When  acting  as  a  motor  the  sole  function  of  the  electrical  unit 
is  to  crank  the  engine.  In  starting  the  first  thing  the  operator 
does  is  to  push  down  the  ignition  lever  on  the  combination  switch. 
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This  closes  the  ignition  circuit  and  the  circuit  between  the  stor- 
age battery  and  the  generator  windinga  on  the  motor  generator, 
causing  the  armature  to  revolve  slowly.  A. ratchet  clutch  in  the 
front  end  of  the  generator  allows  the  armature  to  rotate  ahead 
of  the  driving  shaft.  The  clicking  noise  heard  when  the  ignition 
switch  is  turned  on  eoraes  from  this  clutch. 

Next  the  operator  puahea  down  the  starter  button.  The  first 
movement  canaea  the  atarter  gears  to  mesh  with  the  teeth  on. the 
flynheeh     The  probability  of  the  enda  of  the  teeth  striking  and 


Fig.  206 — Side  vietc  oj  Delco  electrical  unit  used  un  the  CadiUae 


e  by  the  alow  rotation  of  the  a 
which  began  aa  soon  as  the  ignition  was  turned  on.  As  the  atarter 
button  ia  puahed  farther  down  the  circuit  between  the  storage 
battery  ^nd  the  generator  windinga  of  the  electrical  unit  .is 
broken.  Upon  the  last  movement  of  the  starter  button  the  circuit 
ia  closed  between  the   storage  battery   and  the  motor  windings 
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on  the  electrical  unit  causing  it  to  act  as  a  powerful  electric 
motor,  which  rapidlj  cranks  the  engine  As  the  gear  ratio 
between  the  armature  shaft  and  the  crankshaft  la  approximately 
25  to  1  the  armature  would  be  driven  at  an  excessively  high  rate 
of  speed  after  starting  the  engine  and  before  the  operator  let  the 
starter  button  back,  if  it  were  not  for  an  oier  running  clutch 
in  the  hub  of  the  idler  gears  between  the  flvwheel  and  the  arma 
ture  shaft  The  electric  motor  cranks  the  engine  through  this 
clutch  but  after  the  engine  has  started  and  begins  to  run  fast°r 
thau  the  electric  motor  the  dutch  slips 

When  the  starter  button  is  let  up   as  soon  as  the  engine  is  run 
ning  undtr  its  own  power,  the  first  movement  of  the  button  breaks 
thi  iirtuit  between  the  electric  motor  and  the  storage  batiery,  a 
further  muM.mtnt  causes  tht  starter  gears  to  slile  out  of  mesh 
and  the  final  movement  completei  the  circuit   between  the  gen 
erator  and  the  atoraga  battery,  which  was  broken  when  the  starttr 
button  was  pushed  down      The  engine  running   and   the   circuit 
being  closed  between  the  storage 
battery  and  the   generator   wind- 
ings  of  the  motor  generator,  the 
generation  of  current  begins. 
The  current  for  ignition  is  con- 
1  trolled  by  the  right  iever  on  the 
i|  combination  switch  on  the  ii.atru^ 
'  ment  board.    Tliis  lever  also  con- 
trols the  generator  circuit,  as  pre- 
viously explained.     A  front  view 
of  the  switch  is  shown  in  Fig.  209. 
The  distributor  and  timer.  Fig. 
210,  are  carried  on  the  fan  shaft 
_  ,  housing   and    are    driven    bv   the 

Fig.    200— Deico    combined   ig-      ,  .     .^     i.  .  .      , 

nidon     am     Jlyhting     .»,«■»      ^^^    ^*'^^^    through    spiral    gears, 
iiti-ct  on  the  Cadillac  1'be    distributor    consists    of    a 

cap  or  stationary  head  of  insulat- 
ing material  and  a  rotor  of  the  same  material,  which  turns  with 
the  timer  shaft.  The  distributor  head  carries  one  contact  in  the 
center  and  eight  additional  contacts  placed  at  equal  distances 
about  the  center.  Only  two  of  these  contacts  are  shown  in  the 
figure.  The  center  contact  is  connected  to  the  high-teiision  termi- 
nal on  the  ignition  coil.     The  eight  remaining  contacts  are  con- 
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nected  to  the  spark  pliigs  in  the  cylinders.  The  center  contact 
is  provided  with  a  apring  plunger,  which  ia  in  constant  com- 
munication with  a,  plate  on  the  rotor.  This  plate  carries  at  its 
outer  end  a  contact  button.  As  the  rotor  revolves  the  contact 
button  alides  over  the  eight  outer  contacts  in  the  distributor  head, 
consecutivetj  completing  the  high-tension  circuit  to  each  of  the 
spark  plugs  from  the  ignition  coil. 

The  timer,  by  which  the  low-tension  current  is  interrupted  at 
the  proper  time  to  produce  the  spark,  is  beneath  the  rotor.     An 


eight-lobed  cam  on  the  timer  shaft  operates  two  contact  arms. 
Aa  the  cam  revoUes,  these  arms  alternately  complete  and  break 
the  primary  circuit      The  cam  is  held  m  place  by  a  special  lock 

Two  sets  of  tinier  contait  points  are  provided  The  object  is  to 
distribute  over  two  sets  the  current  which  otherwise  would  pass 
through  one.    Thli  greatlv  lessens  wear  and  burning  of  the  points. 

The  spark  timing  is  automatically  controlled  bv  a  centrifugal 
governor,  which   advances   or  retards  the  position   of  the   timer 
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cam  relative  to  the  driving  shaft  as  the  engine  speed 

or  decreoBes.     A  spark  lever  at  the  steering  wheel  ia  provided. 

however,  by  which  the  timing  may  be  advanced  or  retarded  still 

further.     Thia   spark   lever  lis   connected   to   the   manual   control 

lever  at  the  left  of  the  distributor  housing. 

Care  of  Startup  and  Li^tiiig  UdHs 

The  systems  never  should  be  operated  with  the  storage  battery 
disconnected,  as  Bcrioua  injnry  may  result.  Examine  from  time 
to  time  all  the  wire  connections.  See  that  the  terminal  clips  are 
well  soldered,  as  they  may  become  portly  or  completely  discon- 
nected. Clean  off  all  oil,  dirt  and  moisture  from  the  terminals. 
Any  wire  exposed  dne  to  cut  or  worn  insulation  should  be 
replaced  with  new  wire,  or  the  injured  portion  should  he  taped 
over  and  well  shellacked.  Never  nse  aluminum  paint  near  the 
terminals,  as  it  may  cause  a  ground  or  short-circuit.  Inspect  all 
bolts  to  gee  that  they  are  tight  and  that  the  electrical  unit  is  in 
proper  alignment. 

Inspect  the  commutators  occasionally  to  see  that  they  are 
clean  and  dry  and  that  the  brushes  are  fitting  the  surface.  A 
good  commutator  surface  has  a  smooth  glossy  surface,  usually 
of  a  purplish  color.  If  it  is  necessary  at  any  time  to  sand  down 
the  commutator  and  brushes,  be  sure  to  remove  all  the  grit  and 
dust,  taking  particular  care  to  clean  thoroughly  between  the  com- 
mutator segments.  Then  polish  the  surface  with  a  piece  of  cheese- 
cloth and  a  very  small  quantity  of  light  oil. 
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CHAPTER  XXI 

North  E^st  Electrical  Systems 

ALL  the  varioaa  North  East  equipments,  except  the  two-unit 
aystem,  use  a  four-pole  com  pound- wound  motor-dynamo  with 
a  single  armature  and  one  commutator.  One  or  both  of  the  fields 
and  the  armature  are  used  in  both  starting  motor  and  generator 
actions.  The  various  single-unit  types  which  have  been  mann- 
factured  to  date  are  designated  as  models  A,  B,  D,  £,  F  and  0-. 

Model  A  Electrical  System 

The  model  A  electrical  unit  is  connected  to  the  engine  crank- 
shaft by  a  silent  chain  and  a  set  of  intermediate  gears.  The 
gears  are  between  the  shaft  of  the  electrical  unit  and  the  chain 
sproclcet  wheel  and  ate  carried  in  a  gearbox  which  is  mounted  on 
the  same  bed  plate  as  the  electrical  unit. 

The  internal  connections  of  the  electrical  unit  and  combined 
electromagnetic  cntout  and  regulator  are  shown  in  Fig.  211. 
The  battery  is  composed  of  eight  storage  cells  and  is  called  a 
16-volt  system.  A  wire  is  connected  to  the  center  of  this  battery 
and  led  to  the  lamps  so  as  to  furnish  8  volts  for  the  lights  be- 
tween this  center  wire  and  each  outside  wire. 

The  starting  switch  is  of  the  type  commonly  known  as  the 
kick  type  and  is  mounted  on  the  toe  board  within  easy  reach 
of  the  driver.  The  switch  normally  is  held  in  the  open  position 
by  a  coiled  spring.  The  first  motion  of  the  starting  switch  con- 
nects the  armature  of  the  electrical  unit  and  the  series  field  wind- 
ing in  series  with  the  battery,  and  further  movement  of  the 
switch  short-circuits  the  series  field  winding. 

When  the  engine  starts  to  operate  under  its  own  power  a  vol- 
tage will  be  generated  in  the  armature  winding  of  the  electrical 
unit,  and  when  this  voltage  is  high  enough  to  charge  the  battery 
the  circuit  between  the  electrical  unit  and  the  battery  is  closed. 
The  charging  current  is  prevented  from  exceeding  the  normal 
value  of  approximately  7  amperes  by  the  regulator,  whose  wtnd- 
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ing  IB  connected  in  series  with  the  charging  cirenit.     When  the 
current  exceeds  the  value  for  which  the  regulator  is  adjusted  thb 
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s  drawn  o^er  and  a  reaistauce  introduced  m  the  shunt 
field  circuit  When  the  charging  current  decreases  to  its  proper 
valuL  the  contacts  dose  and  thp  voltage  again  starts  to  build  up 
This  operation  is  repeated  at  a  rapid  rate,  and  the  charging  cur 
rent  is  maintained  practicallj  constant  The  combined  cutout 
and  regulator  is  located  in  a  compartment  at  the  drive  end  of  the 
shaft  which  IB  covered  with  a  plate  held  in  place  by  four  bolts 
In  the  combined  cutout  and  regulator  onginallj  manufactured 
a  permanent  magnet  was  used  to  form  part  of  the  magnetic  ctr 
cult,  but  this  type  later  was  replaced  by  an  improved  form  of 
combined  cutout  and  regulator  in  whiih  the  cutont  and  regulator 
have  independent  magnetic  circuits  The  improved  tvpe  is  ahown 
m  Fig  211  The  electrical  unit  should  not  be  operated  with  the 
battery  removed,  unless  the  brushes  a.re  raised  from  the  com 
mutator  or  the  fuse  in  the  shunt  Geld  circuit  is  removed 

Model  B  Electrical  System 

Two  types  of  the  model  B  system  have  been  made,  one  ti, 
be  used  with  a  16  volt  system  and  the  other  with  a  24  volt  sys 
tem  In  the  case  of  the  16  volt  system  the  lamps  operate  at  S 
volts  as  in  the  previous  model,  while  in  the  24  volt  svstem  the 
lamps  operate  at  7  volts  The  shaft  of  the  electrical  unit  is  con 
nected  to  the  crankshaft  of  the  engine  by  a  silent  chain  and  set 
of  gears  as  in  the  case  of  the  model  A  system 

The  internal  connections  of  the  electrical  unit  and  the  com 
bined  electromagnetic  cutout  and  regulator  are  shown  diagram 
mataally  in  Fig  SIS  The  starting  switch  is  located  on  top  of 
the  electrical  unit  and  is  operated  by  an  arm  leading  to  a  foot 
pedal  on  the  toe  board  in  front  of  the  driver  The  starting 
switch  has  three  stationary  contacts,  which  are  short  circuited 
by  the  movable  arm  when  the  pedal  is  depressed  Two  remain 
short  circuited  when  the  pedal  is  released  In  starting  the  series 
field  and  armature  are  connected  in  series  with  the  battery  and 
the  shunt  field  is  connected  across  the  armature,  and  when  the 
pedal  IS  released  the  series  field  is  opened 

The  cutout  closes  the  circuit  between  the  electrical  unit  and 
the  battery  when  the  voltage  generated  in  the  armature  winding 
IS  ample  to  charge  the  battery  The  regulator  in  this  model  is 
very  similar  to  the  one  used  with  model  A 

The  regulator  and  cutout  both  are  located  in  the  compartment 
under  the  commutator  and  covered  by  a  pressed  steel  t 
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Fig.   212 — /nlernot  OOiHiectleiu   of   Worth   B*it    MadeE   B   tvttan 

The  eloctrkat  unit  should  n 
connected,  unless  the  brushes 
the  fuse  is  removed  from  ihe 
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o!  North    Eatt   model    D    system 


North  East  Models  D,  E  and  F 

Theae  three  models  are  practically  identical  in  their  constrnc- 
tion,  connections  and  operations.     In  some  cases  a  24-volt  Byatem 
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Fig.  214 — fntrrnal  connrcUotis  of  Horth   East   modd  G   »v»ten, 

vritli   Itipe  35S4   eleeliiciii  nnit   and   tjipr  8100  oombined   elarting 

switch  and  eat'Out 

B  employed,  while  in  othera  a  12-volt  system  ia  used.    The  lights 

lire  operated  on  6  volts  in  ths  case  of  the  S4-vo!t  system  and  on 
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12  volts  itt  the  ease  of  tlie  12-volt  system.  The  internal  connec- 
tions of  the  model  D  system,  with  binding  post  terminals  and  the 
combined  cutout  and  regulator,  are  shown  in  Pig,  213. 

The  starting  switch  is  located  under  the  toe  board  within  easy 
reach  of  the  driver.  Closing  the  starting  switch  connects  the 
armature  and  series  fields  in  series  with  the  battery,  with  the 
shunt  field  Winding  connected  across  the  armature  terminals. 
When  the  voltage  of  the  generator  has  reached  a  sufficient  value 
to  charge  the  battery  the  cutout  contacts  close  and  connect  the 
electrical  unit  to  the  battery  The  output  of  the  electrical  unit 
is  regulated  by  the  same  method  as  used  with  models  A  and  B, 

The  tension  in  the  driving  chain  is  adjusted  by  an  eccentric 
adjusting  ring  in  the  front  flange  of  the  cylinder  block.  This  ring 
fits  over  the  forward  end  of  the  electrical  unit.  The  unit  is  sup- 
ported by  two  adjustable  V  blocks  and  held  in  position  by  a  steel 
strap.  There  should  be  about  ^  inch  up  and  down  movement 
in  the  chain. 

Model  G  Electrical  System 

This  system  uses  12  volts  throughout,  the  battery  being  com- 
posed of  six  cells.  The  internal  cnnneetions  of  the  electrical 
unit  and  the  combined  cutout  and  regulator  of  one  of  the  earlier 
model  G  systems  are  shown  in  Fig.  214.  In  this  system  the  start- 
ing switch  is  placed  in  the  same  housing  with  the  cutout  and 
regulator  and  mounted  Under  the  toe  board  in  front  of  the  driver. 
The  starting  switch  is  closed  by  depressing  a  pedal  that  eitends 
up  through  the  toe  board.  When  the  starting  switch  is  closed 
the  electrical  unit  operates'  as  a  cumulative  compound  motor. 

As  soon  as  the  en^ne  is  running  at  a  speed  equivalent  to 
approximately  10  miles  per  hour  the  cutout  will  close  and  the 
generator  will  start  to  charge  the  battery.  The  output  of  the 
generator  is  maintained  at  the  correct  value  by  the  joint  action 
of  the  third-brush  type  of  regulation  and  the  differential  action  of 
the  series  field  winding. 

A  more  recent  type  of  the  model  G  system  is  shown  in  Fig.  220. 
In  this  ease  there  is  a  shunt  field  coil  on  each  of  the  four  poles  and 
also  a  series  coil  on  each  pole.  In  the  earlier  models  two  poles 
had  shnut  coils  and  two  had  series  coils. 

North  East  Two-Unit  Systan 

The  generator  for  the  North  East  two-nnit,  single-wire,  6-volt 
system  is  a  bi-polar  shunt-wound  machine  and  may  be  driven 
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through  a  fiezlble  coupling  from  the  pump  shaft  or,  if  that  is 
impracticable,  through  gears  or  through  a  silent  chain  from  the 
engine  crankshaft.  Other  methoils  of  driving  may  be  used  S3 
conditions  demand. 

The  output  of  the  generator  is  operated  hy  the  third-bnuh 
tirpe  of  regulation  and  ao  designed  that  it  wilt  permit  the  m«zi- 
mum  charging  rate  to  be  reached  at  a  rather  low  apeed. 

Starting  Motor 

The  starting  motor  is  a  four-pole  series-wound  machine  capable 
of  developing  more  than  1  horsepower  at  a  rated  voltage  of  6 
volts.  The  mechaikical  connection  between  the  starting  motor 
and  the  engine  ia  taken  care  of  by  a  Bendix  drive. 
'  The  starting  switch  and  electromagnetic  cntout  for  the  two- 
unit  system  are  mounted  in  the  same  housing,  and  their  construc- 
tion and  operation  are  practically  the  same  as  similar  North  East 
devices  already  described. 

System  on  1917  Dodge  Brothers  Car 

Two  wiring  diagrams  of  the  North  East  electrical  installation 
on  the  1917  Dodge  Brothers  car  are  shown  In  Figs.  215  and  216. 
The  system  is  a  single-wire,  12-volt,  single-unit  type  with  the 
negative  side  grounded.  The  electrical  unit  is  a  model  G  type. 
It  is  driven  at  three  times  engine  speed  by  a  silent  chain  running 
over  a  sprocket  keyed  on  the  front  end  of  the  crankshaft  and 
another  sprocket  fastened  to  the  shaft  of  the  electrical  unit.  The 
armature  is  supported  in  ball  bearings  at  both  ends. 

The  chain  adjustment  is  taken  care  of  by  an  eccentric  ring 
on  the  front  end  of  the  electrical  unit,  which  fits  in  an  opening 
in  the  flange  of  the  cylinder  block.  The  starting  switch,  cutout 
and  regulator  all  are  combined  in  one  housing  and  mounted  on  the 
under  aide  of  the  toe  board. 

The  charging  indicator  is  located  on  the  left  side  of  the  instru- 
ment board  and  is  inserted  in  the  charging  circuit  between  the 
automatic  cutout  and  the  positive  battery  connection.  To  the 
positive  terminal  on  the  charging  indicator  are  connected  the 
wires  which  conduct  the  current  for  the  ignition  and  lighting 
switch  and  for  the  horn.  This  indicator  registers  "charge"  when 
the  starter -gene  rat  or  is  charging  the  battery  and  "discharge" 
when  .the  battery  is  supplying  current  for  the  ignition  or  lighting 
systems.     Whenever   the   starter -generator   is   supplying   current 
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to  the  battery,  however,  the  indicator  will  show  charge  even  if 
all  the  lamps  are  burning,  "Discharge"  will  appear  on  the  indi- 
cator whenever  the  lights  are  beiag  used  while  the  car  is  stand- 
ing or  running  on  direct  drive  at  a  speed  of  less  than  10  to  12 
miles  per  hour. 

If  at  any  time  the  charging  indicator  fails  to  register  properly, 
inspect  its  terminal  posts  to  see  that  the  wires  leading  thereto 
are  attached  securely.  Also  make  sure  that  there  are  no  short- 
circuita  in  the  wiring  system.  The  showing  of  discharge  instead 
of  charge,  when  the  latter  should  be  indicated,  is  an  almost  cer- 
tain sign  that  a  short-circuit  has  developed  in  the  wiring  system 

PORrARLE.  AMMETER  REVERSE- CURRENT 


iinlesB,  of  course,  the  wires  attached  to  the  charging  indieator 
liave'  been  connected  to  its  terminals  in  such  a  way  as  to  reverse 
the  direction  of  flow  of  the  current  through  the  indicator.  If  no 
short-circuit  in  the  car  wiring  is  to  be  found,  then  the  indicator 
may  be  in  need  of  repair.  Be  sure  to  replace  properly  all  con- 
nections before  running  the  engine. 

Should  the  charging  indicator  be  removed  from  the  circuit, 
connect  together  all  the  leads  which  normally  are  attached  to  its 
terminals.  Failure  to  do  this  will  injure  the  equipment  if  the 
engine  is  operated. 

The  lighting  system  ia  of  the  ground-return  type,  the  car  from? 
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ierving  aa  a  return  path  for  the  current  from  the  lamps  to  the 
negative  terminal  of  the  battery. 

There  are  two  headlamps,  a  dashlamp  and  a  taillamp.  The  lamp 
bulbs  used  are  aa  follows: 

Eeadlampa — 15-eandlepower,  14  volts,  G-16^  bulb,  Biagle-con- 
tact,  bayonet  base. 

Taillamp — 2-candlepower,  16  volts,  G-6  bulb,  aiugle-eoutact, 
bajonet  base. 

Dashlamp — 2-candlepower,  16  valta,  G-6  bulb,  single-contact, 
bayonet  base. 

The  lighting  awiteh  haa  three  positions — "Off,"  "Dim,"  "On." 
In  the  ' '  Dim ' '  position  tbe  tail  lamp,  the  dash  lamp  and  the 
head  lamps  "dim"  are  turned  on.  In  the  "On"  position  tbe 
tail  lamp,  the  dash  lamps  and  the  head  lamps  "bright"  ais 
turned  on.  On  the  back  of  this  switch  is  located  the  dimmer  re- 
sistance coil  through  which  tbe  current  for  the  head  lamps  flows 
when  the  switch  handle  is  turned  to  the  "Dim"  position.  All  tlie 
lamps  are  connected  in  parallel  so  the  burning  out  or  removal  of 
any  one  of  tbem  will  not  afEect  tbe  others. 

The  best  results  will  be  obtained  from  the  bead  lamps  when  the 
bulbs  are  in  focus  with  the  lamp  reflectors. 

To  obtain  the  proper  focus  place  tbe  car  in  position  where  the 
light  can  be  projected  on  a  wait,  about  100  feet  from  the  car. 
Adjust  tbe  bulbs  backward  and  forward  until  tbe  illumination  on 
tbe  wall  is  most  brilliant  and  free  from  black  rings  and  streaks. 
The  bulb  sockets  are  held  in  place  by  corrugations  in  the  lamp 
sockets  and  will  remain  in  proper  position  when  once  adjusted. 
Focus  each  lamp  separately.  See  that  the  lamp  brackets  are  set 
so  that  the  light  is  projected  straight  ahead. 

The  battery  should  receive  frequent  inspection  and  should  be 
filled  with  pure  water  to  the  proper  height  whenever  necessary. 
In  case  any  part  of  the  electrical  system  fails  to  work  satisfac- 
torily, test  the  battery  with  a  hydrometer  and  if  it  is  found  to  be 
in  a  discharge  condition,  inspect  the  entire  system  for  short- 
circuits  or  loose  connections.  If  in  so  doing  the  ground  wire  of 
the  starting  switch  or  the  indicator  wires  are  removed,  care  should 
be  taken  to  replace  these  wires  properly  before  again  starting 
the  engine.  The  owner  should  not  attempt  any  repairs  himself  or 
allow  inexperienced  electricians  to  tamper  with  tbe  electrical 
equipment  but  in  general  should  consult  the  Dodge  Brothers  dealer 
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Fig-  22(t— internal  eonneciJonu  oS  JVorth  Ea*l  model  Q  atartiag 

and   lioktinff  sgHten,  telth  type  356fl  electrical  unit  and   type 

SlOO  ttartino  ewKch  and  cudJul 


or  the  North  Bast  Electric  Co.  or  one  ot  ita  branches  o 
^tAtions. 
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A  portable  ammeter  may  be  connected  in  seriea  with  the  charg- 
ing indicator  aa  shown  in  Fig.  217  and  a  check  made  on  the  charg- 
ing rate  of  the  electrical  unit  at  different  speeds.  An  ammeter 
should  be  used  always  when  making  any  changes  in  the  position 
or  adjustment  of  the  third  brush. 

The  electrical  unit  must  never  be  run  ■with  the  battery  discon- 
nected from  the  circuit.  This  is  a  condition  which  endangers  the 
coils,  brushes  and  commutator  of  the  electrical  unit  as  well  as  the 
windings  of  the  reverse  current  cutout.  The  reason  for  this  is 
that  the  battery  forms  an  important  link  in  the  starter- gene  rat  or 
control  system,  and  its  removal  from  the  circuit  invariably  impairs 
the  effectiveness  of  the  remainder  of  the  control  system.  There- 
fore, whenever  the  occasion  arises  necessitating  the  operation  of 
the  system  without  the  battery  in  circuit,  the  positive  terminal 
of  the  electrical  unit  must  be  grounded  or  connected  directly  to 
the  negative  terminal  of  the  electrical  unit. 

With  the  battery  removed  from  the  car,  however,  it  will  not  be 
possible  to  operate  the  engine,  except  when  it  is  equipped  with 
magneto  ignition,  unless  some  other  source  of  oortent  for  the 
ighition  system  is  provided  temporarily. 

The  fuse  located  on  the  outside  of  the  commutator- end  housing 
of  the  type  3554-G-l  electrical  unit  is  inserted  in  the  ahnnt-Geld 
circuit  and  is  designed  to  blow  if  the  battery  circuit  is  opened, 
thus  protecting  the  system  by  rendering  the  electrical  unit  inopera- 
tive. Therefore,  if  the  machine  fails  to  charge  the  battery  at  any 
time,  inspect  the  fuse  first  of  aU,  and  in  case  it  is  found  blown 
replace  it  with  a  new  one.  If  the  new  fuse  in  turn  blows  as  soon 
OS  the  machine  is  started  up,  make  a  careful  search  for  the  cause 
of  the  trouble  and  see  that  conditions  are  corrected  before  allow- ' 
ing  the  equipment  to  go  into  service  again. 

The  fuse  used  should  not  be  larger  than  12-ampere  capacity  or 
smaller  than  10 -ampere  capacity. 

System  eo  1918  Dodge  Brothers  Car 

The  electrical  installation  on  the  ISIS  Bodge  Brothers  eat  is 
practically  the  same  as  that  used  on  the  1917  model.  A  wiring 
diagram  of  the  starting  and  lighting  system  is  shown  in  !Fig.  218. 
The  internal  connections  of  the  electrical  unit  and  the  combined 
cutout,  regulator  and  starting  switch  are  shown  in  Fig.  220.  The 
ignition  system  is  shown  in  Fig.  219.    The  internal  connections  of 
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the  ignition  system,  which  ia  made  by  tlia  Delco  company,  are 

Bbown  in  Fig.  221. 

As  will  be  evident  upon  reference  to  the  wiring  diagram,  the 
primary  circuit  of  the  ignition  sjatem  leads  from  the  positive 
terminal  of  the  battery  through  the  eharging  indicator  to  the 
ignition  switch  binding  post  marked  "Bat.";  thence,  when  the 
switch  is  turned  on,  through  the  switch  to  one  of  its  binding  posts 
marked  "Ign.  Coil."  Continuing  on  from  this  point  through  the 
ignition  coil  and  tlie  breaker  contaetB,  it  returns  to  the  second 
switch  binding  post  marked  "Ign.  Coil,"  whence  it  paases  through 
the  switch  again,  and  then  finally  reaches  the  grounded  negative 
terminal  of  the  battery  through  the  grounded  terminal  of  the 
switch  and  the  car  frame.  The  ignition  switch  is  so  constructed 
that  it  produces  a  reversal  of  polarity  in  the  distributor  circuit 
each  time  the  switch  is  turned  off  and  then  on  again.  For  this 
reason  there  is  no  necessity  for  making  a  distinction  between  the 
two  wires  leading  from  the  distributor  to  the  two  switch  binding 
posts  marked  "Ign.  Coil,"  beeanse  the  operation  of  the  system 
cannot  be  affected  by  the  transposition  of  these  wires.  With  this 
one  exception,  however,  the  ignition  circuit  connections  always 
must  be  made  exactly  as  indicated  in  the  diagrams,  if  a  satis- 
factory operation  of  the  system  is  to  be  obtained. 
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CHAPTER  XXII 

Wagner  Electrical  Equipment  for 

Motor  Cars 

A12-V0LT  combined  geaerator  and  motor  was  used  in  the 
early  model  of  the  Wagner  single-unit,  two-wire  ayiitem  on 
the  1913  Studebaker  35  and  six  cars.  The  machine  has  four  poles, 
and  each  pole  la  provided  with  a  shunt  and  series  winding.  The 
armature  of  the  machine  has  two  independent  windings  and, 
therefore,  two  commutators.  The  armature  of  the  electrical  unit 
ia  driven  direct  from  the  engine  through  a  set  of  spur  gears  when 
it  ia  operating  as  a  generator.  When  the  electrical  unit  is  operat- 
ing as  a  starting  motor  the  armature  is  connected  to  the  crank- 
shaft of  the  engine  by  a  special  planetary  gear.  - 

The  starting  switch  ia  of  the  drum  type.  It  is  mounted  on  top 
of  the  electrical  anit  and  operated  by  a  rod  which  extends  through 
the  dash  of  the  car  and  terminates  in  a  handle  within  easy  reach 
of  the  driver.  The  lever  operating  the  starting  awitch  also  con- 
trols the  friction  band  which  puts  the  planetary  gear  into  opera- 

The  regulation  of  the  generator  output  is  accomplished  by  the 
third-brush  type  of  regulation  in  combination  with  a  reversed 
aeries  field. 

The  cutout  is  of  the  electromagnetic  type  and  automatically 
connects  the  generator  to  the  battery,  when  the  generator  voltage 
is  high  enough  to  charge  the  battery,  and  disconnects  the  two 
when  the  battery  starts  to  discharge  through  the  generator  due 
to  the  voltage  of  the  generator  being  lower  than  the  voltage  of 
the  battery. 

A  wiring  diagram  of  this  system  ia  ahown  in  Fig,  222.  When  the 
starting  switch  is  thrown  to  the  starting  position  the  full  12 
volts  of  the  battery  are  used,  and  when  the  switch  is  thrown 
to  the  running  position  it  permits  the  use  of  a  6-valt  lighting 
system   and   a  three-wire  arrangement   of   the   electrical   system. 
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If  the  starting  and  generating  circuits  are  traced  carefully,  it  will 
be  found  that  the  armatures  are  in  parallel  for  motor  action  and 
the  magnetic  field  ia  produced  by  the  series  coil,  while  for  gen- 
erator action  the  armatures  are  in  series  and  half  the  shunt  field 
is  connected  across  each  armature. 

A  wire  ia  run  from  the  center  of  the  battery  to  the  lighting 
switch,  and  the  lamps  are  operated  on  a.  three-wire  system,  halt 
the  battery  voltage  being  applied  to  any  one  lamp. 

Wagner  1914  Two-Unit  System 

The  starting  motor  in  the  Wagner  12-volt,  two-unit,  two-  and 
three-wire  systems  of  1914  is  a  four-pole  series-wound  type 
equipped  with  a  gear  reduction   for   reducing  the  speed  of  the 


Fiff.  2S3 — End  vieic  0/  1914  Wagner  starting  motor  and  redvc-  . 
lioa   gearing 

engine  in  relation  to  the  speed  of  the  motor  so  it  will  be  suitable 
for  cranking  the  engine.  An  end  view  of  the  starter  and  gear 
with  the  gear-housing  cover  removed  is  shown  in  Fig.  223.  The 
gear  equipment  consists  of  a  small  steel  pinion,  A,  on  the  motor 
shaft  which  mesbes  with  a  larger  steel  gear,  B,  on  the  back  shaft, 
thereby  reducing  the  speed.  The  back  shaft  is  equipped  with  an 
over-runiLing  clutch  which  locks  when  the  engine  is  being  cranked 
and  releases  as  soon  as  the  engine  fires. 

The  starter  ia  connected  to  the  engine  by  a  pinion  on,the  back 
shaft,  which  meshes  with  a  gear  on  the  engine  flywheel.  The 
pinion  is  placed  on  the  back  shaft  and  is  so  arranged  that  it  can 
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slide  on  the  shaft  as  it  is  tlirown  in  and  out  of  gear  by  the  lever 
V,  shown  in  Fig.  224.  The  eleetrieal  connection  between  the  start- 
ing motor  and  the  battery  is  controlled  by  a  switch,  W,  Fig.  224, 
which  also  is  operated  by  the  lever  V.  The  starting  operation  is 
aceomplishcd  by  pushing  the  lever  V  forward.  When  the  lever  is 
restored  to  its  original  position  the  pinion  is  thrown  out  of  mesh 
and  the  starting  switch  is  opened. 
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A  view  of  the  generator  with  the  commutator  cover  removed  is 
shown  in  Fig.  225.  It  ia  a  four-pole,  shunt-wound  machine,  which 
oi&y  be  driven  by  the  engine  through  a  train  of  gears,  chain  or  by 
some  other  means,  which  depend  upon  the  particular  installation. 
The  generator  output  is  regulated  by  the  third-brush  method. 
A  small  cartridge  fuse.  Pig.  225,  Is  connected  in  the  shunt-field 


circuit.  If  from  any  cause  the  generator  is  operated  on  open 
circuit,  such  as  with  the  battery  removed  from  the  car  or  diacon- 
nected,  the  tendency  of  the  field  current  ia  to  increase  to  an  abnor- 
mal value,  which  will  cause  the  voltage  to  rise  to  an  abnormal 
value.  The  fuse  will  blow  before  the  field  current  gets  too  high 
and  thns  prevent  the  voltage  rising  to  an  excessive  value,  as  the 
generator  will  not  generate  if  the  field  circuit  ia  open,      i 
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The  cutout  relay  is  designed  to  be  located  on  the  dash  and 
ia  of  the  customarj  typ«,  having  two  windings.  One  of  these 
wiudinga,  called  the  aeries  windings,  carries  the  current  to  or 
from  the  battery,  depending  upon  whether  it  is  charging  or  dis- 
charging, and  the  aecoud  winding,  called  the  shunt  winiliag,  haa 


Fig.  22S— Wagner  generator  u»e4  w*(h  lite  191B  tyiteiK* 

a  current  in  it  which  varies  directly  as  the  voltage,  as  this  wind- 
ing is  connected  across  the  line. 

The  electrical  connections  of  a  system  of  this  kind  are  shown 
diagrommatically  in  Fig.  226,  The  lights  are  operated  on  a  three- 
wire  system,  and  a  neutral  wire  is  run  from  the  center  of  the  bat- 
tery to  the  lighting  switch,  as  shown  in  the  figure. 

1914-1915  Wagner  Syitenu 

The  construction  of  the  starting  motor  and  back  gear  for  the 
Wagner  6-voit,  two-unit,  two-wire  system  for  1914  and  1915  are 
practically  the  same  as  that  in  the  system  described  in  the  pre- 
vious section.  The  starting  motor  is  connected  to  the  engine  by 
R  chain  which  operates  from  a  sprocket  on  the  back  shaft  of  the 
starting  motor  to  a  sprocket  on  the  engine  shaft.  An  over-running 
eluteh  prevents  the  engine  from  driving  the  starting  motor. 
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The  atarting  awitch  is  of  the  push  type  and  ia  mounted  on  the 
under  side  of  the  toe  board'within  easy  reach  of  the  driver. 

The  generator  ia  a  four-pole,  shunt-wound  machine,  and  its  out- 
put ia  regulated  by  the  third-brush  method.  A  view  of  the  gen- 
erator and  cutout  with  their  covers  removed  ia  shown  m  Fig,  227. 
In  the  1915  systems  the  cutout  was  located  in  the  tool  box  under 
the  driver's  seat.  The  generator  used  with  this  system  is  shown 
in  Fig.  228.  Tha  brushes  H  and  I  collect  the  main  current  from 
the  commutator  of  the  generator.    The  brushes  F  and  G  supply 


current  to  the  shunt  field  winding.  The  position  of  the  brush  G 
may  be  changed  by  loosening  the  screw  U  and  moving  the  brush 
in  the  direction  necessary  to  bring  about  the  desired  change  in 
generator  output.  The  adjustment  in  the  position  of  this  brush 
should  be  made  by  an  experienced  man. 

1916.1917.191S  Wagner  Systenu 

The  generator  in  the  Wagner  6. volt,  two-unit,  single-wire  sys- 
tems for  1916-1917-1918  is  a  round  frame,  two-pole,  shunt-wound 
machine.  The  regulation  of  the  generator  output  is  by  the  third- 
Itriuh  method-    The  position  of  the  third  brush  ia  adjustable,  ani 
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the  output  of  tlie  generator  may  be  adjusted  by  moving  the  thiid 
brush.  The  generator  has  only  one  insulated  terminal,  as  it  ia 
used  with  a  aingle-wire  system.  The  method  of  driving  the  gen- 
erator will  depend  upon  the  particular  installation  and  may  be 
by  silent  chain,  train  of  gears,  etc. 

The  cutout  is  cylindrical  in  form  and  is  provided  with  two  insu- 
lated terminals.  The  shell  of  the  cutout  forms  one  terminal  of 
the  shunt  winding,  and  it  muat  be  well  grounded.  A  view  of  the 
cuftiut  with  the  cover  removed  is  shown  in  Fig.  239.  Its  operation 
is  as  follows:  When  the  current 
In  the  shunt  winding  has  increased 
to  a  sufficient  value,  due  to  the 
increase  in  the  voltage  of  the 
generator,  the  disk  O  is  drawn 
toward  the  core  of  the  electro- 
magnet and  the  contacts  Q  and 
P  close.  As  soon  as  these  con- 
tacts are  closed  the  generator 
starts  to  charge  the  battery,  and 
the  magnetizing  action  of  the  cur- 
rent is  the  series  winding  assists 
the  magnetizing  aitiou  of  the  cur- 
rent in  the  shunt  winding.  If 
for  anv  reison  the  battery  starts 
tt  discharge,  the  contacts  Q  ami 
P  ire  sepiratel  and  the  circuit 
between  the  generator  and  the 
battery  is  brohLn  The  contact 
clos"  at  an  engine  speed  of  7  to 
10  miles  per  hour 

In  some  installations  the  gen- 
erator IS  mounted  on  end,  with  the 
commutator  end  on  top.     A  gen- 

.  .        ^-        ■  u        Ffg.     230— ircaiicr     generator 

erator  whose  construction  is  such  ,„  canetract^i  that  il  mau 
that  it  may  be  mounted  on  end  is  operate  in  a  vertical  position 
shown  in  Fig.  230. 

The  starting  motor  is  a  four-pole,  eeries-wound,  four-brush, 
two-terminal  machine.  A  pinion  on  the  motor  shaft  meshes  with 
a,  large  gear  which  may  form  part  of  the  Bendix  screw  mechanism, 
or  it  may  be  mounted  on  a  shaft  carrying  a  chain  sprocket.     This 
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sprocket  may  be  connected  to  a  second  sprocket  on  tie  engine 
crankshaft  by  a  silent  chain  and  over  running  clutch  The  start 
ing  motor  shown  in  Fig.  231  drives  the  engine  by  »  sileut  tha  n 
which  runs  over  a  sprocket  mounted  on  the  shaft  D  The  Bendix 
gear  may  mesh  with  a  gear  on  the  flynheel  or  it  ma>  mesh  with  a 
gear  mounted  on  the  end  of  the  generator  shift  the  generator 
being  connected  to  the  crankshaft  of  the  engine  by  sprockets 
and  a  silent  chain. 


Fig.   232 — Exploded   i 
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The  Btaiting  switch  ia  mounted  nnder  tbe  floor  board  in  the 
majority  of  cases  and  is  of  the  thrust  tjpe.  An  exploded  view 
of  a  starting  snitch  is  sbown  in  Fig.  232. 

V(%ing  of  Saxoiu 

A  perspective  wiring  diagram  of  the  Wagner  installation  on  the 
Saxon  six  is  shown  in  Fig.  233.  This  is  a  single-uiiit,  6-voIt,  sin- 
gle-wire ijatem  with  the  positive  side  of  the  system  grounded. 


Fig.  231 — Wayntr  iaetatlation  oh   Stixun   U-5-R 


The  tailUgbt,  headlights  and  horn  are  protected  by  fuses  mounted 
on  a  fuse  block  located  on  the  dash  of  the  car.  The  lamp  circuits, 
except  the  dashlamp  and  the  ignition,  are  controlled  by  a  com- 
bination ignition  and  lighting  switch. 

A  Wagner  installation  on  a  Saxon  model  B-5-B  is  shown  in  Fig. 
234.  In  this  installation  the  motor  is  mounted  above  the  gen- 
erator, and  a  Bsndii  pinion  on  the  starting  motor  shaft  engages 
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ft  gear  on  tbe  generator  shaft.  The  generator  is  driven  by  a  silent 
chain.  The  mounting  of  the  ignition  distributor  is  shown  clearlj 
in  the  figure. 

Wring  of  Slndebsker  Serie»  18 

A  perspective  view  of  the  installation  of  the  Wagner  syatem 
'  oa  the  Studebakei  Series  18  model  is  shown  in  Fig.  235.  This- is  a 
two-unit,  6-volt,  single-wire  system  with  the*  positive  side  of  the 
battery  grounded.  A  view  of  the  electrical  iuslallation  on  the 
engine  is  shown  in  Fig.  S36. 


jiid  iunclion  bui 

From  the  junction  box  the  wires  run  to  all  the  vsirious  pnrts 
of  the  electrical  system.  The  junction  box  carries  the  fuses, 
and  the  whole  thing  is  inclosed  in  a  housing  for  protection.  The 
resistance  used  in  dimming  the  headlights  is  mounted  on  the  out- 
side of  the  junction  box.  The  internal  connections  of  the  various 
circuits  in  the  junction  box  are  shown  in  Fig.  237. 

The  ignition  system,  which  is  manufactured  by  the  Remy  Elee- 
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trio  Co.,  consists  of  the  coil,  the  combined  timer  and  distributor 
and  tbe  spark  plugs.  The  ignition  ia  shown  installed  in  Fig.  23S. 
The  current  for  ignition  is  drawn  from  the  storage  battery  when 
starting  and  from  the  generator  when  running.  The  combined 
timer  and  distributor  should  be  inspected  occasionally  to  sec  that 
no  oil  or  dirt  has  accumulated  inside  or  other  foreign  malter 
between    the    terminals   on    top   of   the   distributor.      Any   Buch 
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aecumnlatioii  should  be  cleaned  out  carefullv,  as  ita  presevcp  will 
eauHe  the  contact  points  to  wear  away  rapidly. 

It  inspection  of  tbe  contact  points  shows  that  tbe  surfaces  of 
contact  are  flat  and  hare  a  frost;  appearance,  this  is  an  indication 
of  perfect  condition.  If  the  contact  surfaces  appear  very  rough 
or  pitted,  they  should  be  smoothed  flat.  After  Binoothing  off  it  is 
necessary  to  readjust.  This  work  should  be  bandied  by  an  experi- 
enced man. 

The  grease  cup  which  lubricates  tbe  distributor  abaft  should 
be  given  a  single  torn  about  once  every  2,000  milea. 

To  determine  whether  the  ignition  in  any  cylinder  is  in  good 
operating  condition,  remove  the  wire  from  the  spark  plug  and- 
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hold  it  by  the  insulation  about  li  to  ^  inch  from  the  body  of  the 
spark  plug.  If  the  spark  jumps  from  the  wire  to  the  spark  plug 
body,  the  ignition  up  to  the  spark  plug  is  in  good  order.  To  test 
the  plug,  remove  it  from  tbe  cylinder  and  re-aHacb  tbe  wire  to  it. 
Then  elean  tbe  points  of  the  plug  and  see  that  tbe  gap  between 
them  has  been  corrected  to  the  proper  width,  .025  iuch.  Lay  the 
spark  plug  on  its  side  on  the  cylinder  and  start  the  motor.  U 
the  plug  is  in  good  conditiun,  you  will  see  a  spark  jump  the  gap 
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between  the  joints.  If  the  apart  does  not  jump  the  gap  the  plug 
may  require  cleaning.  Oil  and  soot  covering  the  parts  adjacent 
to  the  points  will  ahort-cireuit  the  gap  and  kill  the  spark.  To 
clean  the  spark  plug  use  a  tooth  brush  and  gaaoline.  After  the 
apark  plug  is  cleaned  repeat  the  operation,  and  if  the  epark  stOl 
does  not  jump  the  gap  a  new  plug  is  neceasary. 

Unless  you  have  completely  overhauled  the  engine,  it  ordinarily 
will  not  be  neceaaary  to  roadjuat  the  timing  of  the  apark.  But 
if  it  has  been  necessary,  in  making  repaira,  to  disturb  the  rela- 
tion between  the  two  bevel  geara  which  drive  the  diatributor  shaft, 
it  ia  necessary  to  retime  the  engine,  which  work  should  only  bo 
done  by  an  experienced  man. 
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CHAPTER  XXm 

Bijur  Electrical  Systems 

SEVERAL  dilTerent  t}q)es  of  electrical  equipment  for  tlie  motor 
car  have  been  made  by  the  Bijur  Uotor  Lighting  Co.  during 
the  last  few  years,  and  a  brief  description  of  the  main,  character- 
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iaticB  of  each  of  these  Byatema  and  what  might  be  called  a  tTpiesl 
installation  will  be  given  in  the  following  paragraphs. 

Third-Bnuh  Regulation 

Bijur  generators  with  third-brush  regulation  have  a  shunt  wind- 
ing, and  the  output  is  regulated  bj  the  third-brush  method.  An 
electromagnetic  cutout  with  two  windings,  a  series  and  a  aliunt, 
is  connected  in  circuit  between  the  generator  and  the  storage 
battery  and  auomatically  connects  and  disconnects  the  generator 
and  the  battery.  This  cutout  is  mounted  in  the  commutator  end 
of  the  dynamo  and  is  accessible  for  adjustment  by  removing  the 
brass  hand  from  around  the  generator.  The  internal  connections 
of  the  generator  are  shown  in  Fig.  239. 

Only   two   wires   lead    from   the    generator,   as   shown   in    the 
diagram,  and  they  run  to  the  storage  battery  through  a,  junction 
bloch   and   fuse   block   located   on   the   engine  side   of   the  daah. 
The  generator  is  reversible,  and  connections  may  be  made  to  the 
generator  without  any  regard  to   the  polarity  of  the  lines.     If 
the  wrong  connections  are  made,  the  generator  automatically  will 
assume    the    correct 
polarity  to  oj^arge  the 
storage  battery.     The 
battery       and       gen- 
erator always  should 
be   connected   so   the 
indicator     in     circuit 
will      show       charge 
when      the      battery 
actually   is   charging 
and    discharge    when 
the   battery  actually 
is  discharging. 

On  one  end  of  the 
generator  is  an  alu- 
minum housing  held 
in  place  by  two 
screws.  This  housing 
protects  a  glass-inclosed  fuse  connected  in  the  shunt  field  circuit 
as  shown  in  Fig.  239.  The  generator  never  should  be  run  with 
the  storage  battery  disconnected  unless  this  fuse  iS  removed  first. 
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Qectromagnetic  Regulation 

Bijur  generators  with  electromagnetic  regulation  have  a  shuut 
field  winding,  and  the  reaistaDce  of  the  field  circuit  is  varied 
intermittently  in  value  by  a  special  regulator.  The  winding  of 
this  special  regulator  is  connected  across  the  terminals  of  the 
generator  and  the  current  in  the  winding  varies  directly  as  the 
voltage  of  the  generator.  The  action  of  the  regulator  is  such  that 
It  tends  automatically  to  maintain  the  voltage  of  the  generator 
constant. 

An  automatic  electromagnetic  cutout  is  mounted  in  the  same 
housing   with   the   automatic  voltage   regulator.     In   some   cases 


the  cutout  and  regulator  are  mounted  inside  the  generator  hous- 
ing, and  in  some  cases  they  are  mounted  in  a  housing  on  top  of 
the  generator  as  in  Fig.  240.  The  internal  connections  of  two 
regulators  and  cutouts  are  given  in  Figs.  211  and  242.    The  hous- 
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Ing  contaiuing  the  cutout  and  regulator,  usually  spoken  of  aa  the 
regulator  box,  is  held  in  place  by  a  special  knurled  screw.  Project- 
ing from  the  rear  of  this  box,  or  from  the  end  of  the  generat9r 
housing  when  regulator  and  cutout  are  mounted  inside  the  gen- 
erator and  fitting  into  a  receptacle,  is  a  disconnecting  and  revers- 
ing plug. 

The  two  wires  which  connect  the  generator  and  battery  are 
soldered  into  the  teroiuals  of  this  plug.    This  plug  ia  made  in. 


ammetirX^ 


either  of  two  ways,  with  two  flat  parallel  faces  or  round  and 
knurled  on  the  portion  extending  into  the  shell  which  it  fits.  The 
plug  maj  be  turned  a  quarter  revolution  in  either  direction  from 
the  position  it  has  when  it  enters  the  receptacle,  and  when 
rotated  to  either  of  these  positions  and  allowed  to  spring  out- 
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ward  under  the  influence  of  a  compressed  spring  it  will  be 
locked  in  place.  Pressing  it  in  and  turning  to  the  other  extreme 
position  reverses  the  connections  and  causes  the  polarity  of  tlie 
generator  to  change.  The  manufacturer  recommends  that  the 
position  of  the  plug  be  changed  about  everj  500  miles.  It  is 
not  advisable  to  change  the  plug  nnleas  the  storage  battery  is 
practically  fully  charged. 

Combined  Starting:  Motor  and  Generator 

The  internal  connections  of  the  combined  starting  motor  and 
generator  unit  are  shown  in  Fig.  243.  It  is  a  compound- wound 
four-pole  machine  with  a  round  frame,  and  the  output  of  the 
unit  when  operating  as  a  generator  is  regulated  by  a  combina- 
tion of  the  third-brush  and  differential  or  bucking  series  field 
types  of  regulation.  No  automatic  cutout  is  used  with  tbia 
machine,  but  it  is  connected  permanently  to  the  battery  while 
the  engine  ft  running. 

Starting  Motors  and  Drives 

The  separate  starting  motors  are  all  round-frame,  four-pole, 
series-wound.  Power  is  transmitted  to  the  engine  by  a  Bendix 
drive  or  a  small  pinion  is  made  to  slide  on  the  square  shaft  of 
the  starting  motor  by  the  operation  of  the  starting  pedal  or 
handle  which  also  closes  the  starting  switch.  The  first  posi- 
tion on  the  starting  switch  connects  a  resistance  in  series  .with 
the  starting  motor  and  battery,  and  the  motor  operates  at  a 
slow  speed,  which  assists  in  the  meshing  of  tlie  driving  gears. 
The  resistance  is  cut  out  of  circuit  after  tbe  gears  are  in  meah 
by  a  farther  movement  of  the  starting  switch.  This  small  pinion 
is  disengaged  as  sooa  as  the  starting  pedal  or  handle  is  released 
and  the  starting  switch  is  opened. 

In  the  combined  generator  and  starting  motor  units,  the  arma- 
ture is  connected  to  the  engine  crankshaft  by  a  chain. 

'    BIJur  on  Apperson  4*40  and  6-4S 

The  Bi.iur  installation  on  the  Apperson  4-40  and  6-45  is  of  the 
three-unit,  6-volt,  two-wire  type,  Fig.  244.  The  output  of  tho 
generator  is  regulated  by  the  third-brush  method,  and  the  gen- 
erator automatically  is  connected  to  and  disconnected  from  the 


.  BIJUR  ELECTRICAL  SYSTEMS 


343 


battery  hy  an  electromagnetic  cutout  moonted  inside  the  gen- 
erator honsing.  The  generator  is  reversible,  and  only  two  wires 
connect    to   the   generator. 

The  starting  motor  is  provided  with  a  square  shaft,  and  a 
pinion  is  mounted  on  this  shaft.  The  pinion  can  be  moved 
horizontally  along  the  shaft.    It  meshes  directly  with  the  teeth 


Plff.  243 — Internal  conHeelion»  of  Bi/ur  comWntiJ  gai^ralor  and 

mafar  anit   iclth   generator   re)/ulaI(on — a    combination    of    third- 

tirulh  and  tucking  metliods 

in  the  edge  of  the  flywheel,  and  no  intermediate  gears  of  any 
kind  are  used.  The  starting  handle  on  the  cowl  connects  through 
linkage  to  a  trunnion  which  moves  the  pinion  on  the  square 
shaft  of  the  motor.     The  starting  lever  also  operates  the  start- 
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ing  iwitcb.  The  pinion  noTmallj*  is  held  out  of  meali  with  the 
gear  on  the  flywheel  bj  a  spring  which  alao  holds  the  atarting 
switch  in  the  open  position. 

The  first  moyement  of  the  starting  handle  elases  a  set  of  con- 
tacts on  the  starting  switch,  which  connects  the  motor  to  the 
storage  batter]'  with  a  resiatance  coit  in  series.  This  resistanee 
coil  IB  inside  the  atarting  switch.  The  starting  motor  turns 
over  quite  slowly  vhen  the  resistance  coil  is  in  circuit  and  thus 
enables  the  pinion  on  the  motor  shaft  readily  to  be  meshed  with 
the  teeth  on  the  flj'wheel.  Farther  movement  of  the  Htarting 
handle  connects  the  starting  motor  direct  to  the  storage  battery 
anil  the  motor  then  vvill  spin  the  engine. 

Ignition  is  taken  care  of  by  a  magneto. 

A  battery  charge  indicator  is  located  on  the  cowl  board.  This 
in'dicator  stands  at  "Floating"  when  the  battery  is  neither 
charging  nor  discharging.  When  the  charging  current  exceeds 
approximately  2  amperes  the  indicator  swings  over  to  "charge," 
and  when  the  discharge  current  exceeds  approximately  two 
amperes  the  indicator  swings  over  to  "discharge." 

A  two-gang  switch  on  the  cowl  hoard  controls' the  two.  head- 
lamps and  the  taillamp.  The  lamp  on  the  cowl  board  is  controlled 
by  a  separate  switch,  or  key,  at  the  lamp  itself.  When  the  left 
lighting  switch  is  pulled  out  the  headlamps  burn  dim,  and  when 
both  the  switches  are  palled  out  the  headlights  burn  bright. 
The  tsillight  always  is  lighted  regardless  of  whether  the  head- 
lights are  bright  or  dim. 

A  magneto  is  provided  to  take  care  of  the  ignition,  and  its 
operation  is  controlled  by  an  ignition  switch  on  the  dash. 

Bijur  on  1916  Hupmobile 

A  wiring  diagram  of  the  Bijur  installation  on  the  1916  Hup- 
mobile  is  given  in  Fig.  245.  It  is  a  three-nnit,  6-volt,  aingle-wire 
system  with  the  negative  terminal  grounded.  The  output  of  the 
generator  is  regnlated  by  the  third-bruah  method,  and  the  elec- 
tromagnetic cutout  is  located  inside  the  generator  housing.  The 
starting  motor  is  a  four-pole  aeries-wound  motor,  connected  di- 
rectly to  the  engine  by  a  pinion  which  slides  on  the  square  shaft 
of  the  motor  and  into  gear  with  the  gear  on  the  face  of  the  fly- 
wheel.    This  pinion  is  shifted  by  a  yoke,  which  in  turn  is  oper- 
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ated  by  the  starting  pedal,  which  aho  acts  to  close  the  atarting 
switch. 

The   lights   are   controlled   by   a   four-position   lighting   sivitch 
mounted  on   the  cowl   board.  Four  fuses  and  the  resistance  for   - 
dimming   the   headlamps   are   mounted   on   the   forward   side   of 
this  switch. 

An  ignitiou  switch  on  the  cowl  board  controls  the  ignition, 
which  derives  its  current  from  the  storage  battery  or  generator. 
The  wiring  diagram  of  the  ignition  system  is  shown  in  Fig.  24S. 

Bijur  on  J«fF«ry  Six 

The  Bijur  system  on  the  JefFery  Chesterfield  six  is  a  three-unit, 
two-wire — except  for  the  headlights — 6-volt  installation  and  a 
complete  wiring  diagram  ia  given  in  Fig.  246.  The  output  of 
the  generator  19  regulated  by  a  const  ant- voltage  regulator,  and 
the  current  delivered  by  the  generator  when  it  ia  connected  to 
the  storage  battery  will  depend  on  the  condition  of  charge  of 
the  battery.  The  lower  the  charge  in  the  battery,  the  lower  its 
voltage  and,  hence,  the  greater  the  difference  between  the  volt- 
age of  the  generator  and  the  voltage  of  the  battery,  which  re- 
sults in  a  larger  current  being  produced  than  when  the  battery 
is  nearer  full  charge  and  its  voltage  near  equal  in  value  to  the 
voltage  of  the  generator.  The  automatic  voltage  regulator  and 
electromagnetic  cutout  are  housed  in  an  aluminum  box  on  top 
of  the  generator.  A  special  reversing  plug  is  provided,  by  which 
the  generator  may  be  disconnected  or  the  connections  to  the 
generator  reversed. 

Depressing  the  starting  pedal  connects  the  starting  motor  to 
the  engine  by  causing  a  pinion  on  the  square  motor  shaft  to  mesh 
with  a  gear  on  the  flywheel  of  the  engine  and  also  closes  the 
starting  motor  switch. 

The  out-of-focus  lamps  are  wired  to  use  the  frame  of  the  car 
as  one  side  of  the  circuit.  The  dashlight  is  on  the  taillight  eir- 
«nit  and  so  arranged  that  these  two  lamps  are  always  in  opera- 
tion when  any  combination  of  headlights  is  in  operation. 

The  body  and  chassis  wiring  are  separate  but  connected  through 
terminal  posts  and  fuse  block  located  on  the  engine  aide  of  the 
dash,  which  permits  bodies  being  changed  without  the  necessity 
of  rewiring. 

All   the   lamp   circuits   are   provided   with   separate   fusen  ,  A 
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faae  is  located  in  the  ground  circuit  between  the  magneto  tftp' 
and  the  lighting  switch,  and  this  fuae  will  blow  if  an  accidental 
ground  is  made  on  either  side  of  the  system.  The  blowing  of  this 
fuse  when  the  lighting  switch  is  in  the  "oS"  position,  shows 
that  the  accidental  ground  causing  this  fuse  to  blow  is  on  the 
positive  side  of  the  system.  The  blowing  of  this  fuse  when  the 
lighting  switch  is  in  the  "all  bright"  position  or  the  "out  ff- 
foeua  bright"  position,  shows  that  the  accidental  ground  cau.,  ng 
the  fuse  to  blow  is  on  the  negative  aide  of  the  system. 

The  ignition  is  taken  care  of  by  a  magneto  controlled  ;  y  a 
magneto  switch. 

Bijur  on  the  Scripps-Booth 

The  Bijur  installation  on  the  Scripps-Booth  light  ears  is  a 
■ingle-unit,  single-wire,  12-volt  system  with  the  positive  side  of 
the  battery  grounded.  A  complete  wiling  diagram  of  the  system, 
as  used  on  the  first  1,100  cars,  is  shown  in  Fig.  S47.  The  elec- 
trical unit  is  chain-driven  from  the  crankshaft  of  the  engine  and 
is,  thtrefore,  in  operation  whenever  the  engine  is  running.  The 
output  of  the  electrical  unit  when  operating  as  a  generator  is 
regulated  by  a  combination  of  the  third-brush  and  reversed- 
eeries  field  methods. 

A  switch  on  the  dash  eontrola  the  ignition  and  starting  eir- 
cults.  When  this  switch  is  in  the  "oft"  position  the  ignition 
circuit  is  open  and  the  electrical  unit  is  disconnected  from  the  stor- 
age battery.  When  this  switch  is  thrown  to  the  "on"  position 
the  ignition  circuit  is  closed  and  the  electrical  unit  is  connected 
to  the  storage  battery.  The  electrical  unit  will  draw  current 
from  the  storage  battery  and  act  as  a  motor  until  the  engine 
starts  to  run  under  its  own  power  and  drive  the  electrical  unit, 
which  will  change  to  a  generator  when  the  voltage  generated 
in  its  armature  is  greater  than  the  voltage  of  the  storage  battery. 

Beginning  with  car  1,101  a  three-pasition  switch  is  used  instead 
of  a  two-position  switch.  A  wiring  diagram  of  this  system  is 
shown  in  Fig.  248.  With  the  switch  in  the  "off"  position  the 
ignition  circuit  is  opened,  the  electrical  unit  is  disconnected  from 
the  battery  and  the  field  circuit  of  the  electrical  unit  is  open. 
When  the  switch  is  in  the  "on"  position  all  these  circuits  are 
closed,  and  this  corresponds  to  the  normal  operating  position. 
Wbeu  the  switch  ia  ia  a  tbird-position  between  the  "on"  and 
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"off"  positions  and  marked  "idle"  the  ignition  circuit  ia  closed 
and  the  electrical  unit  ia  diaconnected  from  the  battery  and  its 
field  circuit  is  open.  With  the  switch  in  the  "idle"  poaitioa  the 
storage  battery  neither  cbargea  nor  discharges.  The  switch  ahould 


AUTOMOBILE  ELECTEICAL  SYSTEMS 


Dpi  .?d  by  Google 


r 


Sntm    ELtlCTRTCAL    SYSTEMS 


X,s  ■ 


i 


.11...  Google 


356  AUTOMOBILE  ELECTRICAL  SYSTEMS 

be  turned  to  the  "idle"  position  wbeu  the  ear  is  at&iidiiig  with 
the  engine  mniiing  slowly,  or  when  driving  very  bIdwIj  as  in 
congested  eity  traffic.  A  current  indicator  on  the  daab  shows 
whether  the  battery  is  "floating,"  "charging"  or  "discharg- 
ing." A  four-gang  lighting  switch  located  on  the  dash  controls 
all  the  lighting  circuits. 

A  battery  ignition  system  is  used.     The  internal   coDneetiona 
are  plainly  shown  in  Figs.  247  and  24S. 


Bijur  on  1917  Packard  Twin-Six 

A  wiring  diagram  of  the  various  electrical  cannectiona  of  the 
Bijur  system  on  the  Packard  1917  twin-six  is  given  in  Fig.  249, 
and  a  perspective  view  of  the  complete  electrical  installation  is 
given  in  Fig.  250.  This  is  a  three-unit,  two-wire,  6-Tolt  syatem. 
The  output  of  the  generator  is  regulated  by  a  constant-voltage 
regulator.  This  regulator  and  the  automatic  electromagnetic 
cutout  are  inclosed  in  a  box  mounted  on  top  of  the  generator. 

A  junction  boi  is  provided  on  the  front  of  the  dash,  where  all 
the  wires  leading  to  the  different  lights  are  connected.  Fuses 
are  provided  in  all  the  light  circuits  and  also  the  horn  circuit. 
They  are  mounted  in  a  panel  on  the  engine  aide  of  the  dash.  The 
lighting  and  ignition  switch  is  of  special  construction  and  is 
mounted  on  the  steering  column. 

The  ignition  system,  which  is  made  by  Deleo,  is  of  the  battery 
type,  and  separate  high-tension  distributora  are  provided  for 
each  cylinder  block.  A  twin  interrupter,  on  top  of  the  distribu- 
tor unit,  completes  the  low-tension  circuit  when  the  interrupter 
points  are  in  contact.  A  separate  ignition  coil  ia  used  for  each 
of   the   interrupters. 


Bijur  on  1918  Packard  Twin-Six 

A  wiring  diagram  of  the  Bijur  electrical  installation  on  the 
1918  Packard  Twin-Six  is  given  in  Pig.  251,  and  a  perapective 
view  of  the  complete  installation  is  given  in  Pig.  353.  This  sys- 
tem is  a  two-unit,  single-wire,  6-volt  installation.  The  general 
layout  of  the  system  is  the  same  as  that  used  on  the  1917  cbtb, 
except  for  the  construction  of  the  ignition  and  lighting  switch. 
It  is  mounted  on  the  dash  instead  of  on  the  steering  column. 
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CHAPTER  XXIV 

Remy  Electrical  Systems 

BUT  iaBtallations  may  be  made  up  of  separate  nnits  for 
.  lighting,  starting  and  ignition  or  theae  various  units  may 
be  combined  in  different  ways,  all  depending  upon  the  particular 
installation.  All  the  different  systems  employing  a  separate  gen- 
erator and  motor  are  of  the  6'volt  type  and  may  be  either  single 
or  two-wire.  All  the  motors  are  four-pole  series-wouad.  The 
frames  of  the  machines  are  rectangular  or  round,  depending  npon 
the  model. 


Fie.  263 — Remu  ignition  penerotor  uHth  tftfri- 
brmh  regulation 
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A  donble-deek  Bfstem  mftnufactured  bj  the  Bemj'  Electric  Co.. 
consists  of  a  separate  generator  driven  by  a  shaft  extending 
from  the  timing  gear  case  and  a  separate  motor  mounted  directly 
above  it.  The  generator  element  is  a  two-pole  machine,  and 
the  motor  element  ia  a  four-pole  series  wound  motor.  The  motor 
is  connected  to  the  engine  crankshaft  by  two  pairs  of  spur  reduc- 
tion gears.  An  overrunning  clutch  is  mounted  in  the  large  gear 
on.  the  main  shaft,  and  this  clutch  runs  free  when  the  engine  ia 
running  under  its  own  power. 

A  combined  generator  and  motor  unit  having  a  single  armature 
was  used  on  the  1913  Premier  motor  car.    This  unit  is  of  the 


12-volt  type,  and  in  some  caaea  an  interrupter  and  distributor  may 
be  added,  thus  combining  the  starting,  lighting  and  ignition  func- 
tions all  in  one  machine.  The  armature  of  this  machine  was 
connected  directly  to  the  engine  crankshaft  without  any  over- 
running clutch  or  similar  device,  as  the  armature  rotates  all  the 
time  the  engine  is  in  operation. 

A  Bemy  generator  with  a  magneto  type  of  breaker  bor  mounted 
on  one  end  an  a  distributer  directly  above  it  is  shown  in  Fig. 
253.    This  generator  is  a  6-volt  two-pole  shunt-wound  machine, 
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and   its  output  is  regulated  hj  the  third-brush  metiiod.     Another 
type  of  Bemy  generator  is  shown  in  Fig.  254, 

The  most  recent  type  of  Remy  generator  is  a  6-volt,  two-pole 
macHoe  whose  output  is  regulated  by  the  thitd-brush  method  in 
combination  with  a  special  thermostatic  control,  which  wilt  be 
described  in  detail  in  one  of  the  following  sections.  Two  types 
of  Bemy  starting  motors  arc  shown  in  Figs.  25S  and  256. 

Regulating  Output  of  Geno'atctfi 

Pour  different  methods  are  employed  by  the  Bemy  company  in 
regulating  the  output  of  their  generators,  and  these  methods  are: 
Third -brush  regulation. 
Electromagnetic  regulation. 
Bo  versed  series  field  regulation. 

Combination  of  third-brush  and  thermostatic  regulation. 
The  third-brush  method  of  regulating  the  output  of  the  gen- 
erators is  used   on   many   different   models   of   Bemy   generators, 


Fig.    266 — Remy   slartlng  t 


such  as  the  rectangular  generators  with  or  without  ignition  heads 
and  the  double  deck  rectangular  frame  generator  and  motor. 
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Tbe  electromagnetic  regulation  consists  of  aft  electromagnet, 
usually  carried  in  the  same  housing  as  the  cutout.  This  electro- 
magnet operates  so  as  to  intetmitteutly  insert  a  resistance  in  the 
field  circuit  of  the  generator  as  the  current  output  of  the  gen- 
erator increases.  Several  difFerent  types  of  regulators  have  been 
in  use,  but  they  all  operate  on  the  same  principle. 

One  type  of  regulator  has  the  cutout  and  regulator  electro- 
magnets mounted  in  a  horizontal  position,  while  in  another  type 
they  are  mounted  in  a  vertical  position.  The  operation  and  adjust- 
ment  of  both  types  is  practically  the  same.  Some  of  the  more 
recent  regulators  are  so  constructed  that  the  current  taken  by 
the  lamps  does  not  pass  through  the  entire  regulator  winding, 
so  that  when  the  lamps  are  turned  on  the  strength  of  the  electro- 
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Pig.  257 — Curce»  ihowing  relation  ftefioeen  car  speed  and  genera- 
tor current  with   thermostat   contocl  paints   olosei  and   open  on 
Bemy  ganrator 

magnet  of  the  regulator  in  relation  to  the  output  is  decreased 
and  the  generator  output  thus  ia  increased  to  take  care  of  the 
additional  lamp  load. 

The  generator  used  on  the  1913  Premier  motor  car  was  a  two- 
pole  compound  wound  machine  with  the  series  field  winding  con- 
nected in  such  a  way  that  its  magnetizing  action  was  opposed  to 
.the  magnetizing  action  of  the  shunt  field  winding.  The  connec- 
tiona  of  the  lamp  circnits  is  such  that  when  current  iB  being  aup- 


REMY    ELECTRICAL    SYSTEMS  361 

plied  to  tbe  lamps  it  passes  through  only  a  part  of  the  series 
winding,  wliich  causes  the  generator  to  have  a  greBiter  output 
than  it  would  have  if  all  the  current  were  going  to  the  storage 
batter;. 

Combined  Hund-ftudi  and  HMnnostatic  Regulation 

The  main  regulation  of  the  generator  is  taken  care  of  by  the 
third-brush  method.  A  specialty  constructed  thermostat  is 
mounted  Inside  tbe  generator  housing.  A  resistance  coil  is  con- 
nected across  the  contacts  of  this  thermostat,  and  the  contacts 
normally  are  closed.  The  terminals  of  the  thermostat  are  con- 
nected directly  in  aeries  nitb  tbe  shunt  field  winding  of  tho 
generator,  and  when  the  contacts  of  the  thermostat  are  open 
the  resistance  ie  connected  in  series  with  the  field  winding.  The 
adjustment  of  tbe  thermostat  contacts  is  such  that  when  tbe 
temperature  of  the  generator  haa  reached  an  approximate  pre- 
determined value  the  resistance  is  introduced  in  the  field  cir- 
cuit and  the  generator  output  lowered.  Two  curves  showiiig  the 
relation  between  output  of  the  generator  in  amperes  and  speed, 
with  and  without  the  resistance  in  circuit,  are  given  in  Fig. 
257.  The  chief  advantages  of  this  device  are  that  It  gives  a 
larger  generator  output  in  cold  weather  when  the  efflcieney  of 
the  battery  is  lower  than  in  warm  weather  and  also  a  larger 
output  when  the  car  is  being  driven  intermittently  and  the 
demands  on  the  battery  are  greater,  due  to  the  frequent  use  of 
the  starting  motor. 

Remy  Ciitouta 

The  eatoats  are  of  the  electromagnetic  type,  with  a  shunt 
and  series  winding.  The  construction  of  the  generators  is  such 
that  cutout  closes  at  a  rather  low  speed  in  miles  per  hour.  The 
combined  cutout  and  regulator  may  be  mounted  on  the  generator 
or  OB  a  separate  unit  on  the  dash  or  some  better  location. 

Starttng  Motors,  Drives  and  Switehes 

The  separate  starting  motors,  are  four-pole  series-wound 
machines,  and  may  be  connected  to  tbe  engine  crankshaft  by  a 
reduction  gearing  and  overruning  clutch,  by  a  special  chain  drive 
and  ratchet,  as  used  on  tbe  Eeo  car  or  by  the  Bendiz  drive.  In 
the  ease  of  tbe  combined  generator  and  motor  nnit  no  overrunning 
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elateh  of  an^  kind  i 
between  the  armatur 
of  the  engine. 

Two  general  types  of  starting  switches  are  used.  One  of  these 
in  the  tapered  plunger  type,  in  which  the  two  contacts  are  con- 
nected together  by  depressing  a  plunger  or  pulling  oi  pushing  a 
lod.  The  other  type  uses  copper  bauds,  which  slide  on  cylinders 
of  insulating  material.    Contact  bands  are  mounted  on  the  cyliu- 
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Fig.  258 — Wiring  diapram  of  Bemy  j/rminded  ignition  syitem 

ders  in  such   a  position   timt  the   sliding  rings  cnuple  the   circuit 
between  the  contact  bands  when  fully  depressed. 

Remy  Ignition 

Two  types  of  battery  ignition  systems  are  made  by  the  Remy 
company,  the  grounded  and  the  insulated.  In  the  grounded  igni- 
tion system,  such  as  on  the  Chalmers  model  35,  the  primary  wind- 
ing of  the  ignition  coil  is  gTQunded,  as  is  also  the  circuit  brealcer 
arm.  In  the  insulated  ignition  system,  such  as  that  used  on  the 
Beo,  Velie  and  McLaughlin  motor  cars,  the  circuit  .breaker  is 
ted  directly  across  the  primary  winding  of  the  ignition 
D  ground  being  used.     In  the  grounded  ignition  system  the 
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coil  base  ia  uaed  tor  grounding  the  primary  winding,  and  in  both 
sjBtemB  the  base  is  used  for  grounding  one  end  of  tbe  secondary 
winding.  Therefore,  it  is  neceaHEirj  that  the  base  of  ooil  should 
be  dean  and  should  make  good  contact. 

A  condenser  connected  in  shunt  with  the  breaker  contacts  on 
all  systems,  the  object  being  to  reduce  arcing  at  contacts  and  raise 
the  efficiency  of  cue  coil. 

A  resistance  is  used  in  aeries  with  the  primary  winding  of  the 
ignition  coil  on  many  of  the  equipments,  such  as  on  the  Velie, 


Fig.  2B8 — Wiring   dicgiem  oj  Rcmu   Iniulated   ignition  lyitem 


Chalmers,  etc.  This  resistance  ia  mounted  on  top  of  the  coil  tube, 
its  action  being  to  allow  a  strong  current  to  flow  for  starting  when 
the  engine  is  cold.  Then  as  the  resistance  heats  up  and  increases, 
due  to  heat,  the  current  ia  reduced.  This  resistance,  though  operat- 
ing very  auccesafully  under  normal  conditiona,  ia  likely  to  be 
burned  out  if  the  ignition  switch  is  for^ttcn  and  loft  on  when 
the  engine  ia  not  running.  It  therefore  is  installed  on  top  of  the 
coil,  where  it  ia  readily  aeceaaible  for  replacement.  The  wiring 
diagram  of  a  grounded  ignition  system  is  shown  in  Fig.  S58,  and 
Ru  insdated  system  is  shown  in  Fig.  2S9. 
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Bemy  makee  sevcTal  different  tjpes  of  ma^tto  ignition  aji- 
terad  In  ailditioii  In  the  battery  ij^itlon  Byetetna. 

Methods  of  Dimming  Head  Light* 

Three  methods  of  dimming  the  headlights  are  nsed  on  Rem^ 
equipments.  On  the  Beo  the  lamps  are  connected  in  parallel  for 
bright  lights  and  iu  series  for  ilim  lights.  On  the  Velie  and  others, 
MiiiliaiT'  small  lamps  ore  nsed  for  dim  lights.  On  McLaughlin, 
Oakland  and  others  a  resistbnce  is  cut  into  the  lamp  circuit  for 
dimming. 

Remy  on  Oakland  34B 

A  wiring  diagram  of  the  Remy  installation  on  the  Oakland 
84B  J8  shown  in  Pig.  260.  It  is  a  three-unit  single-wire  6-volt 
system,  with  the  positive  aide  of  the  system  grounded.  The  out- 
put of  the  generator  is  regalated  by  a  combination  of  the  third- 


brush  and  thermostatic  melhotls.  The  elect romagnc tic  cutout  is 
mounted  on  top  of  the  generator.  The  ignition  system  is  of  the 
grounded  type,  and  it,  as  well  as  the  lights,  is  controlled  by  a 
combination  ignition  and  lighting  switch  mounted  on  the  dash. 
The  headlights  are  dimmed  by  introiiucing  a  resistance  in  series 
with  them,  the  lamps  tbemHclvcs  being  in  parallel.  An  ammeter 
on  the  dash  indicates  the  charge  or  discharge  current  of  the  bat- 
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tery,  except  current  taken  bj  the  starting  motor.    A  Bendix  drive 
is  UBed  in  engaging  and  diaeng&^ng  the  starting  motor  with  the 

engine  automaticallj'. 
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Remy  Inttallation  on  Velie  2S 

A  wiring  diagram  of  the  Bemy  inatallation  on  the  Velie  28 
IB  showu  ia  Fig.  261.  It  ia  a  two-unit  single-wire,  6-volt  syatem, 
with  the  poaitive  side  of  the  syistem  grounded.  The  output  of 
the  generator  is  regulated  by  an  electromagnetic  regulator,  which 
intertnitteatly  introduces  a  resistance  in  the  ahunt-field  circuit. 
The  combined  regulator  and  electromagnetic  cutout  ia  located  on 
the  generator,  alao  tho  ignition  coil  and  ignition  head,  aa  abown 
in  Pig.  254,  The  ignition  aystem  ia  of  the  insulated  type.  It 
is  controlled  by  the  combination  ignition  and  lighting  awitch 
mounted  on  the  dash.  Tho  ignition  awitch  reveraea  the  direc- 
tion of  the  current  through  the  breaker  contact  points  each  time 
the  ignition  is  used,  and  in  this  way  increases  their  life.  Two 
Beta  of  headlights  are  used.  The  installation  on  the  Velie  ia 
clearly  shown  in  Fig.  262. 

Remy  Installation  on  Reo  Model  R 

A  wiring  diagram  showing  the  connections  of  the  Kemy  equip- 
ment on  the  Beo  four-cylinder  is  given  in  Fig.  263,  and  a 
perspective  view  of  the  complete  installation  is  shown  in  Fig. 
264,  This  is  a  two-unit,  6-volt,  two-wire  system.  The  output 
of  the  generator  is  regulated  by  a  combination  of  the  third-bruah 
and  thermostatic  methods,  Tho  automatic  cutout  or  relay  is 
mounted  separate  from  the  generator,  as  shown  in  the  figure. 
The  ignition  system  is  of  the  insulated  type,  and  it  is  controlled 
by  an  ignition  switch  mounted  on  the  dash.  All  the  different 
circuits  are  fused  except  the  starting  motor  circuit.  A  pictorial 
wiring  diagram  of  the  installation  is  shown  in  Fig,  265. 

Power  is  tranamittad  to  th3  engine  from  the  starting  motor  by 
a  chain  drive  of  Keo  deaign  and  a  ratchet  engagement  operated 
by  the  starting  pedal 
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Remy  Tractor  System 

THE  Bemy  apparatus  used  on  the  Moline-Uni versa!  D  tractoi 
consists  of  the  governor -generator,  control  box,  ignition  dis- 
tributer and  the  starting  motor. 

The  generator,  Figs.  265A,  265B  and  265C,  is  four-pole  shunt- 
wound.  The  armature,  A,  is  assembled  on  a  steel  shaft  on  which 
the  laminated  core  is  built  up,  then  the  coils  ■  of  insulated  wire 
are  wound  on  it,  and  their  ends  are  soldered  to  the  bars  of  the 
commutatorj  B.  A  gear  is  used  on  one  end  of  the  shaft,  C,  which 
engages  with  the  camshaft  gear,  and  the  ratio  is  such  that  the 
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armature  is  driven  one  and  a  half  revolutions  for  each  revolu- 
tion of  the  engine  crankshaft. 

The  field  frame,  B,  which  has  (our  poles  around  which  the  four 
field  coils,  E,  are  placed,  is  supported  at  the  drive  end  by  a  bear- 
ing on  the  armature 
shaft  in  the  casting, 
F.  It  is  supported  at 
the  commutator  end 
by  the  ball  bearing 
supporting  the  forg- 
ing, 0.  This  field 
frame  is  free  to  turn 
through  an  are  of  30 
degrees.  The  control 
lever,  H,  is  attached  to 
the  shaft  of  G  and  is 
linked  to  the  carbu- 
reter throttle,  which  it 
nioyes  as  the  generator 
field  frame  D  turns. 

A  spring,  I,  is  pro- 
vided, which  tends  to 
turn  the  field  frame  in 
a  direction  opposite  to 
the  armature  rotation. 
This  governor  .serves 
the  double  purpose  ot 
inclosing  the  spring 
and  a  daahpot  cylin- 
der. The  dashpot  is  a 
part  of  the  drive  end 
head  casting  J.  The 
piston  K,  working  np 
and  down  in  oil  in  the 
'"""*  ""'■'"'  dashpot,  serves  to  pre- 

vent the  too  rapid  fluctuation  of  the  field  frame  to  which  it  is  linked. 
The  field  rheostat,  which  is  in  the  control  bos,  is  a  rcsistaacfe 
unit.  It  is  composed  of  a  length  of  German  silver  wire  with  ten 
contacts  so  arranged  that  connection  may  be  made  to  any  con- 
tact by  a  movable  contact  arm.    The  contact  arm  is  euried  on 
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a  shaft  extended  through  tho  face  of  tho  control  box  and  to  which 
is  attached  the  rheoatat  hand  wheel,  afCoriling  a  convenient  meth- 
(yj  of  controlling  the  contact  arm.  The  ten  positions  of  the  hand 
wheel  shown  on  the  face  of  the  control  box  indicate  tlie  ten  steps 
of  resistance  in  the 
rheostat. 
Position  No,  1  gives 


speed  of  approximate- 
ly 400  r.p.m.,  while 
position  No.  10  gives 
a  governed  engine 
speed  of  approximate- 
ly 18  r.p.m. 

Any  engine  speed 
attained  by  placing 
the  controller  on  a 
given  position  wiM  be 
maintained  because  if 
the  "engine  speeds  up, 
due  to  a  decrease  in 
load  the  magnetic 
pull  of  the  fieli  on  tlie 
armature  it  increased 
causing  the  field  frami 
to  turn  and  lIoso  tbo 
throttle  But  if  tht  I 
engine  slows  doun, 
due  to  an  inerea-L  in  ^ 
load,  the  magnetic 
drag  of  the  field  on 
armature  i*"  deeriased 
illoning  the  f  lel  1 
frame  to  be  turned  by 
the  spring  in  the  direc 
tion  opposite  to  armature  rotation,  opening  the  throttle 

The  oil  dathpot  and  piston  present  the  spring  from  opening  the 
throttle  too  quickly  The  dashpot  is  exposed  to  the  oil  of  the 
engine  case  and,  therefore,  needs  no  attention 

When  the  throttle  is  opened  the  oil  is  force  1  br  the  piston  from 
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the  dashpot  through  a.  bj-pass,  L.    The  size  is  controlled  bj  an 

adjustable  serew,  M,  with  locknut. 

To  adjust  dash  pot  by -pass  valve,  loosen  locknut,  turn  acrem  M 
to  left  four  turns,  place  controller  on  position  8,  then  change 
quickly  to  position  I.  If  the  governor  fluctuates  up  and  down, 
turn  screw  to  right  until  the  fluctuation  Is  eliminated. 

Do  not  adjust  until  the  engine  is  warm  and  the  carbureter  is 
known  to  be  all  right. 

To  oil  the  governor-generator,  put  four  drops  of  3-Jn-l  or  cream 
separator  oil  in  the  ball  oil  hole  0  twice  a  week.  Turn  down  the 
grease  cup  two  turns  a  week.  Too  much  oil  or  grease  is  bad. 
Do  not  use  gas  engine  or  farm  machinery  oil  on  electrical  ap- 
paratus. " 

A  removable  dust-tight  cover,  Q,  at  the  top  of  the  generator 
case  provides  access  to  the  commutator  and  brushes.  Inspection 
of  brushes,  B,  and  commutator,  B,  for  dirt  should  be  made  twice 
a  season.  The  commutator  wears  naturally  to  a  brownish  color 
in  normal  use,  but  if  it  appears  black  or  scored,  the  surface  should 
be  smoothed  with  a  piece  of  fine  No.  00  sandpaper.  Never  use 
emery  cloth  for  this.  Blow  out  all  dust  and  clean  out  all  dust 
'  between  commutator  bars.  See  that  the  brushes-  awing  freely  on 
their  pivots,  so  that  the  spring  tension  holds  them  in  good  eon- 
tact  with  the  commutator. 

To  produce  a  spark  at  the  spark  plug  it  is  necessary  to  close 
and  open  the  battery  circuit  through  the  ignition  coil  each  time, 
and  this  action  is  accomplished  by  the  circuit  breaker.  The  cir- 
cuit breaker  has  two  contact  points,  one,  the  contact  screw  for 
adjusting  the  breaker  point  opening,  being  stationary,  while  the 
other  is  carried  at  the  free  end  of  a  pivoted  arm  called  the  breaker 
lever.  The  four-faced  rotating  steel  piece,  called  the  cam,  has 
accurately  ground  corners  which  bear  against  the  fiber  block  in 
the  arm  as  the  cam  turns  and  cause  the  contact  points  to  open 
and  close  at  the  proper  time. 

To  adjust  the  contact  points  turn  the  engine  until  the  contact 
points  are  wide  open.  The  gap  then  should  be  0.020  to  0.025  in., 
or  the  thickness  of  the  gage  on  the  side  of  the  wrench  furnished 
for  adjusting  the  contact  point  opening.  If  found  to  be  worn 
nneveiUy  or  dirty,  these  may  bo  cleaned  by  passing  between 
them  a  fine  flat  file  or,  preferably,  a  piece  of  No.  00  sandpaper. 
Do  not  use  emery  cloth. 
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Adjustment  of  the  gap  between  the  contacts  is  made  by  loosen- 
ing the  locknut  next  to  the  post  with  tbe  wrench  fumished,  turn- 
ing' the  adjusting  screw  and  then  locking  the  nut  again.  Do  not 
oil  these  contact  points.  Every  week,  however',  a  slight  trace  of 
vaseline  placed  on  the  fiber  block  or  on  the  earn  will  keep  the 
cam  from  rusting  and  wearing  tbe  fiber  block. 

Startmg  Motor 

The  Btarting  motor  is  of  tbe  four-pole,  series-wound  type  with 
Bendix  drive.  The  position  of  the  rocker  ring,  on  which  the 
brushes  are  mounted,  never  sbonid  be  changed,  as  the  ring  U  set 
accurate)}'  at  the  factory. 

Maintenance  and  Operation 

Do  not  crank  the  tractor  by  hand  with  the  spark  advanced. 

Keep  out  dirt  when  adjusting  the  breaker  points. 

Avoid  excess  lubrication  on  the  breaker  box— oil  or  carbon  on 
the  breaker  points  will  prevent  a  spark. 

Do  not  play  with  the  generator.  It  is  tested  thoroughly  and 
its  adjustment  shonid  not  be  changed. 

If  trouble  is  experienced,  such  as  weak  lights,  sluggish  starter 
or  poor  ignition,  examine  all  terminals  to  see  that  they  are  tight 
and  clean,  especially  the  storage  battery  terminals.  They  should 
be  kept  free  from  all  corrosion. 

Do  not  remove  the  ignition  distributer  from  the  governor-gen- 
erator housing,  unless  necessary,  because  it  will  change  the  tim- 
ing. 

Do  not  change  the  ignition  tinting,  unless  it  is  absolutely  neces- 
sary, due  to  having  removed  the  ignition  distributer  or  governor- 
generator  from  the  engine. 

Do  not  hold  the  carbureter  throttle  open  and  cause  the  engine 
to  race  when  the  control  is  on  a  low  point,  as  the  field  then  will 
be  strong,  permitting  the  voltage  and  output  to  run  up  very  high 
and  possibly  burn  the  rheostat  resistance  in  two.  Then  there 
would  be  no  control  of  the  engine  speed,  as  the  field  circuit  would 
be  open  and  no  current  could  be  generated  to  operate  the  gov- 

Under  proper  conditions,  the  engine  should  start  after  1  to  3 
sec.  cranking.  If  it  does  not  start  after  10  to  15  sec.  cranking, 
something  is  wrong.  Investigate  before  cranking  further  or  the 
battery  soon  will  become  discharged. 
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If  the  atftiter  falls  to  craak  the  engine,  do  not  blame  the  etart- 
er,  ignition  or  the  carbureter,  but  proceed  aa  folloms: 

1 — Bee  that  the  battery  terminals  are  clean  and  that  all  eon- 
oeetiona  in  the  starting  circuit  are  tight,  eapecially  the  starter 
lead  where  it  is  soldered  ioto  the  teTtnlnal  that  eouneets  it  to  the 
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battery.    If  you  are  able  to  tniBt  the  wire  in  tbe  terminal,  it 
should  be  re-soldered. 

Note  if  a  flaah  occara  at  the  starter  switch  contacts  when  releaa- 
ing  (he  ewitch, 

a — If  it  does  not,  or  is  very  weak — that  is  evidence  at  a 
■very  weak  battery  or  poor  connections. 

b — If  a  good  flash  occurs  and  the  starter  does  not  turn  the 
engine,  remove  the  commutator  cover  and  see  if  the  arma- 
ture is  free  to  turn  with  your  finger. 

c — If  it  is  and  the  armature  turns  when  the  switch  is  closed, 
the  trouble  is,  no  doubt,  due  to  heavy  grease  on  the  Bendix 
screw  shaft,  which  prevents  the  pinion  from  going  into  mesh 
with  the  teeth  in  the  flywheel. 

d — The  starter  is  not  intended  to  crank  the  engine  with- 
out drst  gathering  a  little  momentum  made  possible  by  the 
time  required  for  the  pinion  to  travel  into  mesh  with  the 
flywheel  gear  teeth.  Therefore,  if  you  close  the  starter  switch 
momentarily  and  tbe  starter  does  not  have  time  to  turn  one 
cylinder  past  compression,  the  Bendir  pinion  will  very  likely 
stay  in  mesh  with  the  flywheel  gear  and  the  next  time  you 
try  to  use  the  starter,  it  will  be  trying  to  start  with  a  dead 

You  would  not  think  of  starting  the  engine  with  the  tractor 
in  gear  and  the  clutch  connected,  as  tbe  load  would  ^e  too 
great.  Therefore,  do  not  try  to  start  the  engine  with  the 
Bendiz  pinion  in  meab. 

e — If  the  battery  is  nearly  discharged  and  the  lights  are 
turned  on,  they  will  be  dim  when  the  starter  switch  is  closed. 
The  lights  will  also  be  dim  if  you  try  to  use  the  starter 
when  the  Bendix  pinion  is  standing  in  mesh  with  the  flywheel 

If  tbe  battery  is  BO  low  there  is  not  enough  current  for  ignition 
to  start  the  engine,  then  proceed  as  follows: 

1 — Remove  the  line  wire  from  terminal  L  under  the  generator 
cover  and  be  sure  the  terminal  does  not  touch  any  metal,  thereby 
causing  a  ground. 

2 — Place  the  control  on  point  5  or  6. 

3 — Turn  the  ignition  key  to  "on"  position  for  daylight  run- 
ning. 

i — Do  Dot  nse  tbe  starter,  but  crank  the  engine  by  hand  and  dO 

•vie 
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so  as  soDU  as  possible  after  turning  the  switch  on.  If  there  is  no 
trouble  other  than  a  low  battery,  the  engine  will  start  and  run 
slowly  until  the  line  wire  is  replaced  on  terminal  L,  unless  the 
battery  is  completely  discharged,  in  which  case: 

a — Turu  the  switch  to  "off." 

b — Bepaee  the  line  wire  on  termisal  L  under  the  generator 

c — Connect  three  to  five  cells,  depending  upon  their  condi- 
tion, in  parallel  with  the  ignition  circuit  from  the  terminal 
marked  ' '  switch ' '  on  top  of  the  ignition  coil  to  a  convenient 
ground,  preferably  the  circuit  breaker  control  lever, 
d — Crank  the  engine  by  hand. 
5 — As  soon  as  the  engine  starts,  turn  the  ignition  key  to  "on"    ' 
position  and  after  the  engine  runs  a  few  seconds,  disconnect  the 
dry  cells,  as  the  generator  will  furnish  enough  current  for  igni- 
tion and  for  charging  the  storage  battery. 

6 — After  having  to  crank  the  engine  by  hand,  the  engine  shonid 
be  run  for  about  half  an  hour  at  a  speed  of  ^proximately  675 
r.p.m.  to  put  a  tittle  life  into  the  storage  battery  before  trying 
to  do  actual  work. 

So  long  as  you  get  good  ignition  and  good  governing,  you  can 
rest  assured  the  battery  is  being  charged,  as  it  is  the  charging  that 
does  the  governing. 

Recharging  tiie  Battery 

To  recharge  the  battery  quickly,  without  removing  it  from  the 
tractor  or  running  the  engine  fast,  proceed  as  follows: 
1 — Place  the  control  on  point  1, 

2 — Turn  the  carbureter  valve  stop  screw  one  full  turn  to  the 
right. 

a — The  engine  wUl  then  run  approximately  676  r.p.m.  and 
should  be  charging  the  battery  at  about  6,5  amp. 

b — The  generator  should  not  be  run  for  even  an  hour  with 

an  output  greater  than  8  amp. 

Running  the  engine  as  suggested  above  for  2  or  3  hours  should 

bring  the  battery  up  to  a  point  where  it  would  operate  the  starter, 

unless  it  bad  been  completely  discharged,  in  which  case  6  hours,  or 

longer,  may  be  required. 

A  loose  connection  anywhere  in  the  line  or  a  corroded  battery 
terminal   very   likely   will   prevent   recharging   of   the   battery  and 
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eanee  oTetheating^  of  generator  and  poaeible  damage,  in  which 
C&ae  it  will  soon  become  discharged. 

After  recharging  the  battery,  be  sure  to  return  the  screw  to 
original  position  to  avoid  injuring  the  storage  batterj*  or  other 
equipment. 

The  bait  joints  in  the  linkage  between  the  carbureter  and  the 
governor  lever  should  work  freely.  Therefore,  they  should  be  kept 
clean  and  be  oiled  often  to  prevent  ruating. 

Testing  the  Generator 

To  test  the  generator,  put  an  ammeter  in  seriee  with  the  battery 
by  disconnecting  the  line  wire  from  terminal  L  under  the  gen- 
eta^OT  cover  and  connecting  it  to  one  side  of  an  ammeter.  Then 
run  a  wire  from  the  other  aide  of  the  ammeter  to  terminal  L. 

If  after  making  these  connections  the  ammeter  hand  ehowa 
charge  with  the  switch  on  and  the  engine  not  running,  you  will 
know  that  the  wires  on  the  ammeter  should  be  reversed. 

If  the  ammeter  does  not  show  a  discharge  of  about  15  to  20 
amp.  when  the  engine  is  not  running  and  the  switch  is  turned  to 
"on"  or  "run"  with  the  control  on  point  1,  look  for  the  follow- 

1 — A  weak  storage  battery. 

2 — A  corroded  storage  battery  terminal. 

3 — A  ground  or  short-circuit  in  the  starting  motor  switch  or 
somewhere  in  the  wiring  between  the  ammeter  and  the  storage 
battery. 

4 — A  poor  ground  or  poor  connection  between  the  control  boi 
and  the  tractor  frame  or  in  the  wiring. 

5 — Poor  contact  between  the  control  handle  and  the  control 
box  or  the  contact  spring  and  the  contacts  to  which  the  rheostat 
resistance  is  connected. 

6 — Loose  or  dirty  connections  at  the  terminal  posts  in  the  con- 
trol bor,  starting  motor  switch,  under  the  generator  cover  or  where 
the  wire  is  soldered  to  a  terminaL 

7 — If  all  but  a  few  strands  of  the  wire  are  broken  off  at  the 
terminal,  a  new  connection  should  be  made  and  soldered. 

S — Sometimes  all  or  most  of  the  strands  of  wire  are  broken  In- 
side of  the  insu1ati.'>u  at  a  point  where  the  wire  is  subject  to  much 
movement.  This  condition  can  usually  be  determined  by  feeling 
the  wire.    In  such  cases,  the  wire  should  be  cut  at  the  point  where 
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it  is  bad,  cleaned  well,  twisted  together,  soldered  and  taped  well 
or  a  new  piece  of  wire  used  with  terminal  properly  roHoldered. 

9 — A  poor  contact  in  the  combination  lighting  and  ignition 
switch.  If  the  discharge  rate  is  much  more  than  SO  amp.,  look  for 
the  following; 

a — Broken  down  insulation  at  termini  post  "L,"  dne  to  a 
crack    in  the  insulation,  dirt  or  the  insulating  bnshing 
being  out  of  place,  eauBing  a  short  circuit, 
fa — Line,  insulated   brush  or  leads  connected  to  it  may  be 

shorted. 
e — Grounded  or  shorted  field. 
If  the  discharge  rate  does  not  deerease  as  the  control  is  turned 
toward  point  "Fast"  and  stands  at  about  IS  to  20  amp.,  you  can 
be  sure  that  the  trouble  is  due  to  short-circuit  somewhere  between 
the  field  winding  where  it  is  connected  to  post  F  under  the  genera- 
tor cover  and  post  F  inside  of  the  control  box. 
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CHAPTER  XXVI 

Simms-Huff  Electrical  Systems 

THE  SimmB-Huff  electric  starting  and  ligbting  Bj'atema  used  on 
1915,  1916  and  1917  motor  cara  are  two-untt  systems  in 
which  the  starting  motor  and  generator  are  combined  in  a  single 
machine.  This  electrical  unit  uausllf  is  mounted  on  the  left  aide 
of  the  engino.  It  ia  connected  mechanically  to  the  engine  bj  a 
alidiug  pinion  when  it  ia  operating  aa  a  atarting  motor  and  driven 
by  a  belt  from  the  engine  when  it  ia  operating  as  a  generator. 
The  electrical  unit  ia  a  aix-pole  machine,  and  a  shnut  winding  is 
provided  on  all  six  poles  and  a  series  winding  on  three  of  the 
poles.  The  battery  uaed  with  these  systems  consists  of  two 
sections,  and  each  of  theae  sections  ia  made  up  of  three  cells  in 
series.  The  two  sections  of  the  battery  are  connected  in  series 
by  a  special  atarting  switch  when  the  electrical  unit  is  operating 
aa  a  motor  and  in  parallel  when  the  starting  switch  ia  in  ita 
normal  position.  When  the  electrical  unit  ia  operating  as  a 
motor,  the  shunt  and  series  fields  assist  each  other  in  producing 
turning  effort  and  thus  increaae  the  torque  of  the  motor.  When 
the  electrical  unit  is  operating  as  a  generator  the  ahuut  and  series 
flelds  are  opposed  to  each  other  in  their  magnetizing  actions,  and 
the  output  is  not  excessive  at  the  higher  speeds. 

The  systems  all  are  of  the  grounded,  or  aingle-wire,  type  with 
the  negative  terminal  grounded.  The  regulation  of  the  gen- 
erator output  ia  by  a  reversed  series  field  is  combination  with 
a  regulator  of  the  con atant -voltage  type.  The  regulator  is  com- 
bined with  the  cutout  and  mounted  under  the  left  front  seat  on 
1915  cara.  On  1916  and  later  cara  the  combined  cutont  and 
regulator  ia  carried  on  a  cowlboard  panel,  together  with  the 
lighting  and  ignition  switch,  the  ammeter  and  the  fuse  panel. 
The  equipment  on  the  1917  motor  cara  differs  very  little  from 
the  equipment  found  on  the  1916  cara.     A  current  indicator  ia 
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used  instead  of  an  ammeterj  and  tlie  arraagement  of  the  fuses  is 
Homewhat  different. 

The  earlier  1917  cars  nsed  magneto  ignition,  while  the  later 
1917  and  1918  cars  use  the  Atwater  Kent  ignition  system.  The 
various  parts  of  tlie  magacto  and  Atwater  Kent  ignition  systems 
are  shown  in  Figs.  266  and  267. 

The  cutout  is  of  the  electromagnetic  type,  and  the  circuit  of 
the  shunt  winding  is  opened  at  the  starting  switch  when  the 
starting  switch  is  closed  for  motor  action  so  as  to  prevent  the 
winding  from  being  connected  to  the  12-volt  battery. 

Sunms-HiiflF  toe  1918 

The  Bimms-Huff  electrical  equipment  on  1918  cars  is  a  single- 
voltage  system,  the  battery  being  composed  of  sis  cells  in  series 
and  having  the  negative  terminal  grounded.  The  starting  motor 
and  generator  actions  are  performed  by  the  same  electrical 
unit,  and  the  construction  and  regulation  of  the  output  of  this 
unit  is  practically  the  same  as  the*  one  used  on  the  1915,  1916 
and  1917  cars.  The  starting  switch  is  very  much  simplified,  and 
it  has  only  two  contacts.  The  starting  switch  is  operated  by  a 
pedal  which  also  serves  to  throw  the  starting  gears  into  mesb. 

A  very  unusual  feature  of  this  starting  switch  is  a  special  lock 
operated  by  an  electromagnet.  The  operation  of  this  lock  is 
such  that  it  prevents  the  starting  switch  from  being  closed  and, 
hence,  also  prevents  the  starting  gears  from  being  thrown  into 
mesh  wbile  the  engine  is  running.  This  special  lock  consists  of 
a  solenoid  mounted  on  the  forward  end  of  the  switch.  The 
solenoid  has  a  movable  core  and  is  held  against  the  rod  which 
carries  the  starting  switch  contact  piece  by  a  spring.  A  notch 
is  cut  in  the  rod,  and  the  end  of  the  core  of  the  solenoid  fits 
in  the  notch  and  thus  prevents  any  motion  of  the  roil  anil,  hence, 
holds  the  switch  open.  The  circuit  through  the  solenoid,  in  start- 
ing,  is  completed  by  pressing  a  button  on  the  heel  board  beside 
the  driver,  which  draws  the  core  away  from  the  rod  and  allows 
the  starting  switch  to  be  closed  and  the  starting  gears  to  be 
meshed. 

The  winding  of  the  solenoid  is  short-circuited  when  the  cutout 
closes,  and  it  is  impossible  to  operate  the  starting  switch  after 
it  is  released.  It  is  impossible  to  operate  the  solenoid  even  if 
the  cutout  opens  and  the  engine  continues  to  run,  as  the  voltage 
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applied  to  the  soleDoid  winding  when  the  cutout  is  open  ia  the 
di&ereuce  between  the  battery  volt&ge  and  the  voltage  generated 
in  the  Etnnature  of  the  electrical  unit,  which  ia  usually  too  email 
to  energize  the  solenoid. 


Itutallation  on  1917  Maxwell 

A  two-anit,  single-wire,  6-  and  12-voIt  aystem  ia  used  on  the 
1917  Maxwell.  A  wiring  diagram  showing  all  the  various  in- 
ternal connections  is  given  in  Fig.  267.  The  ignition,  starting, 
and  charging  circuits  may  be  traced  by  following  thia  diagram. 

By  inserting  the  ignition  hey  in  the  lighting  and  ignition 
switch  the  ignition  circuit  ia  closed.  The  ignition  primary 
current  for  starting  the  engine  is  supplied  by  both  halves  of 
the  storage  battery,  connected  in  parallel,  and  is  delivered  to  tho 
ignition  switch  from  terminal  No,  6  on  starting  switch  to  No.  6, 
on  the  fuse  block,  the  remainder  of  the  primary  eircnit  being  oa 
(oUowb: 

From  terminal  No.  6,  on  fuse  block  to  terminal  No.  5  on  tha 
fuse  block,  to  point  A  on  the  back  of  the  lighting  switch,  from 
point  A  to  point  H  on  the  back  of  the  lighting  switch  through  the 
ignition  switch  contact  spring  to  point  K  on  the  back  of  the  light- 
ing switch  and  to  terminal  No.  1,  on  the  fuse  block;  from  terminal 
No.  I  on  the  fuse  block,  through  the  circuit  No.  1  to  the  terminal 
No.  1,  on  top  of  the  induction  coil,  through  the  primary  winding 
of  the  induction  coii  to  point  No.  16  on  the  coil,  to  terminal  No. 

16  on  the  condenser  cover  at  the  timer. 

Prom  terminal  No.  16  on  the  condenser  cover  the  current  flows 
through  the  condenser  cover — shown  in  outline — to  the  timer 
breaker  points,  and  from  the  timer  breaker  points  to  point  No. 

17  on  the  timer,  tho  contact  breaker  spring  serving  as  the  con- 
ductor. Point  No.  17  on  the  timer  to  point  No.  17  at  the  base 
of  the  induction  coil  and  ground  completes  the  circuit.  Under 
running  conditions,  when  the  speed  of  the  generator  is  such  that 
the  voltage  generated  closes  the  cutout  points  for  charging  the 
storage  battery,  the  ignition  primary  current  is  supplied  directly 
from  the  generator  to  terminal  No.  2,  on  the  fuse  block  across  tho 
cutout  points  through  the  regulator  to  terminal  No.  6,  on  the  fuse 
block  from  which  point  the  circuit  is  the  same  as  under  starting 
conditions. 
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A  condenser  is  connected  directly  across  the  breaker  points, 
and  while  no  atea,dy  current  llowa  through  it,  it  is  an  absolute 
necessity  to   get   the   proper  performance   of  the  induction   coil. 

At  the  instant  the  tinier  breaker  points  separate  a  high-tension 
current  is  induced  in  the  secondary  winding.  This  high-tension 
current  leaves  the  induction  coil  at  terminal  No.  18. 

The  high-tension  current  circuit  can  be  traced  from  terminal 
No.  18  on  the  induction  coil  to  the  center  terminal  No.  18  on  the 
distributer  cover,  where  it  is  distributed  to  the  separate  spark 
plugs,  across  the  spark  plug  gap  to  the  ground  and  thence  back 
to  the  secondary  winding. 

Under  starting  conclitione  the  starting  switch  plunger  is  moved 
forward  and  completes  the  circuit  between  12  and  13  and  be 
twcen  11  and  10,  the  same  movement  meshing  the  starter  pinion 
with  the  flj  wheel  teeth  The  path  of  the  current  will  then  be 
as  follows  Starting  at  the  storage  battery,  from  terminal  13  to 
terminal  12  on  the  starting  switch,  from  12  to  13  through  the 
Btarting  swich  contacts,  from  IS  on  the  starting  switch  to  13 
on  the  storage  battery  through  the  storage  battery  to  10,  from 
10  on  the  storage  batterv  to  10  on  the  starting  switch,  from  10 
to  11  through  the  starting  switch  contatts,  from  11  on  the  start 
mg  switch  to  11  on  the  electrical  unit,  that  is,  terminal  marked 
+  ,  from  +  terminal  on  the  electrical  unit  to  brushes  2,  4  and  6, 
through  the  armature  windings  to  brushes  1,  S  and  5,  through 
the  series  windings  on  the  respective  pole  piecei  to  the  ground 

The  windings  on  the  six  shunt  coils  pick  up  current  as  follows 
Starting  at  the  -|-  terminal  on  the  electrical  unit,  through  cir 
cDit  No  2  tu  No  2  +  termmal  on  the  fuse  block,  from  there 
through  the  regulator  arm,  and  across  the  regulator  points,  which 
a,t  this  time  make  a  full  contact,  and  back  to  field  terminal  No 
3  on  the  fuse  block  From  there  following  circuit  No  3  back  to 
the  terminal  No  3  on  the  electrical  unit  frame  From  this  point 
through  the  sii  'hunt  toils  to  ground  on  the  pole  piece  No  3 
The  return  circuit  is  from  ground  No  15  on  the  frame  to  termmal 
No    15  on  the  storage  battery 

On  releasing  the  starting  pedal  the  starting  switch  plunger 
comes  all  the  way  back  and  makes  connection  between  13  and 
14  and  10  and  6  on  the  starting  switch  In  the  meantime  the 
terminal  voltage  of  the  generator  has  built  up  and  the  shunt 
Winding    of    the    cutout    and    regulator    has    beeome    energized 
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through  circuit  No.  2  from  the  generator  positive  to  the  fuse  block, 
No.  2,  and  throagb  the  Bhunt  winding  to  terminal  No.  9.  From 
here  the  current  passes  to  terminal  No.  9  on  the  regulator  shunt 
contact,  which  is  a  grounded  connection.  In  the  starting  position 
this  ground  contact,  No.  9,  is  broken  so  that  the  regulator  will  not 
become  energized  at'  the  point  of  starting.  As  Boon  as  the  voltags 
reacbetj  a  predetermined  point,  the  magnetizing  action  of  the  shunt 
winding  will  cause  the  cutout  points  to  close  and  the  panel  in- 
dicator  to   show   "Charge." 

The  charging  circuit  will  then  be  as  follows;  Starting  at  the 
4-  terminal  on  the  electrical  unit,  fallow  circuit  No.  2  to  No.  2 
on  the  fuse  block,  from  there  through  the  cutont  arm,  across  the 
cutout  points,  through  the  series  winding  of  the  relay  to  terminal 
No.  6,  on  the  fuse  block.  Prom  this  point  follow  circuit  No.  0 
to  terminal  No.  6  on  the  starting  switch,  through  the  switch  con- 
tact and  No.  10  to  No.  10  on  the  storage  battery,  through  the 
storage  battery  to  No.  13  to  No.  13  on  the  starting  switch,  through 
contact  to  No.  14,  which  is  grounded.  At  the  same  time  follow 
circuit  No.  6  throu^  the  permanent  connection  to  No.  12  on  the 
starting  switch,  thence  to  No.  12  on  tbe  storage  battery,  tlirough 
the  battery  and  No.  15  to  No.  15  on  tbe  frame,  which  is  grouaded. 
Grounded  connections  No.  14  and  No.  15  complete  the  circuit  to 
the  motor  generator  frame. 

Begulation  is  accomplished  by  the  vibrator  points  of  the  regu- 
lator alternately  cutting  in  and  short-circuiting  the  field  resistanM 
on  the  dash  panel.  With  regulator  points  closed,  the  field  circuit 
of  the  generator  is  from  terminal  No.  2,  on  the  fuse  block,  through 
the  regulator  arm;  across  the  points  to  terminal  No.  3,  on  tha  fuse 
block.  From  here  folow  circuit  No.  3  to  No.  3  on  the  electrical 
unit;  throogh  the  shunt  windings  to  ground  on  pole  piece  No.  3. 
With  the  regulator  points  open  the  field  circuit  is  from  terminal 
No.  2,  on  the  fuse  block  through  the  field  resistance  to  terminal 
No.  3,  on  the  fuse  block  and  follows  circuit  No.  3  as  before. 

The  lighting  circuits   may  be   traced   by   reference  to   Fig.   268. 

The  lighting  switch  spider  is  shown  in  the  ofC  position  iu  Fig, 
267  with  spider  arm  N  in  contact  with  point  A  on  the  back  of  the 
lighting  switch  and  with  arms,  B,  C,  D  and  E  free.  The  lighting 
switch  spider  In  the  complete  dash  panel  of  the  diagram  above  is 
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in  the  dim  position.  In  this  position,  spider  arm  B  is  in  contact 
with  point  A,  arm  E  is  in  contact  with  point  F,  and  arms  C,  D 
and  N  are  ftee, 

Wiien  the  generator  is  not  charging  the  storage  battery,  current 
is  supplied  to  the  lighting  and  born  circuits  by  the  storage  battery 
and  is  'ielivered  to  the  switch  panel  from  terminal  No.  6  on  the 
starting  switch  to  terminal  No.  6,  on  the  fuse  block  through  the 
bus  bar  to  terminal  No.  5.  When  the  generator  is  charging  the 
battery,  current  ia  supplied  by  the  generator  to  terminal  No.  2,  on 
the  fuse  block,  across  cutout  points,  through  the  series  coil  of  the 
regulator  to  terminal  No.  G,  on  the  fuse  block  and  as  before  to 
terminal  No.  5. 

The  lighting  circuit  with  the  spider  in  dim.  position  is  fr<'m 
terminal  No.  5,  to  point  A  on  the  lighting  switch,  tbrough  spid<ir 
arms  B  and  E  to  point  F  on  the  lighting  switch.  The  headlight 
circuit  is  then  from  point  F  on  the  lighting  switch  through  the 
headlight  dimmer  coil  to  point  G  on  the  lighting  switch,  to  tba 
center  of  the  bus  bar  connecting  the  right  and  left  headlight  fuse 
clips,  through  the  fuses  to  terminals  No.  i  and  No.  7,  right  and 
left  headlights,  respectively,  through  circuits  No,  4  and  No.  7  to 
right  and  left  headlamps,  respectively,  and  to  ground.  The  tail 
lamp  circuit  is  from  the  point  F  on  the  lighting  switch  to  the  tail 
lamp  fuse,  through  the  fuse  to  terminal  No.  8,  on  the  fuse  block, 
from  terminal  No.  8  on  the  fuse  block  to  the  dash  lamp  and  ground, 
also  through  circuit  No.  8  to  the  tail  lamp  and  ground. 

The  portion  of  the  panel  shown  to  the  right  of  the  complete 
panel  shows  the  spider  in  the  on  position.  The  spider  arm  C 
ia  in  contact  with  point  A,  arm  N  in  contact  with  point  Q  and 
arm  D   in   contact  with  point. F,   arms  B  and  E  being  free. 

The .  lighting  circuit  is  now  from  terminal  No.  5,  on  the  fuse 
block  to  point  A,  through  the  spider  arm  C  as  l>efore.  Headlight 
current  follows  the  circuit  through  spider  arm  N  to  point  G  and  to 
headlights  from  point  G  as  before.  Tail  light  current  follows  the 
eircTiit  through  the  spider  arm  D  to  point  F  and  to  tail  and  dash 
tamps  as  before. 

The  electric  horn  .  circuit  is  as  follows :  Starting  at  term- 
inal No.  6,  follow  the  bus  bar  to  terminal  No,  5,  through  cir- 
cuit   No,    5   to   horn    button    and    to    tlie    inaulatecl    terDuiial    on 
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tie  horn,   through   the   magnet  winding  o(  the  horn   across  the 
contact  points  to  ground  and   thence  to   the   storage   battery. 

A  perspective  view  of  the  electrical  installation  is  shown  in 
Fig.  269  and  a,  simplified  wiring  diagram  is  shown  in  Fig.  ,270. 
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Ignition  on  1917  Maxwell 

A  diagram  of  the  ignition  aj^tem  used  ou  the  1917  Maxwell 
ears  ia  shown  in  Fig.  271.  The  circuit  diagramB  are  shown  in 
Figs.  267  and  268.  A  diagram  of  the  magneto  sjatem  used  on 
earlier  models  is  shown  in  Fig.  272. 

The  high-tension  current  for  ignition  is  produced  hy  the  ac- 
tion of  a  no n- vibrating  coil  on  the  low-tension  current  delivered 
by  the  generator  under  running  conditions  and  by  the  storage 
battery  under  starting  conditions.  The  low-tenaion  current  is 
delivered  through  the  starting  and  ignition  switches  to  the  top 
of  the  induction  coil,  which  is  located  on  the  base  of  the  ignition 

The    high-tension    current    is    distributed    to    the    respective 


cylinders  by  an  Atwater  Kent  ignition  unit  located  on  the  right 
side  of  the  engine  and  driven  by  the  engine  timing  gears.  The 
distributer  block  which  fits  over  the  end  of  the  timer  shaft  de- 
livers the  high-tension  current  to  the  brass  segments,  which  are 
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penuaneiitlr  embedded  in  the  distributer  cover,  thea  througi 
the  high-tension  wires  to  the  spark  plugs.  The  distributer  block 
juBt  clears  the  distributer  segments  without  actually  touch- 
ing them. 

When  starting  the  engine  the  spark  ahould  be  fullj  retarded 
to  eliminate  the  possibility  of  backfirtag.  At  medium  or  high 
apeed  the  best  results  are  obtained  with  the  spark  partly  or 
fully  advanced. 

Never  under  any  condition  leave  the  switch  key  in  the  switch 
when  the  engine  is  not  running  as  the  storage  battery  will  dis- 

The  ignition  is  properly  timed  to  the  crankshaft  when  the  car 
leaves  the  factory,  and  unless  the  ignition  unit,  driveshaft  coup- 


lings or  timer  drive  gear  has  been  removed  from  the  engine,  there 
should  be  no  necessity  to  retime  the  ignition.  However,  if  the 
Ignition  driving  mechanism  has  been  removed  or  disturbed  foi 
any  reason,  exerciae   care  in  replacing  all  parts  so  removed  or 
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distarfied.  On  the  rear  end  of  the  timer  driveshaft  will  be  found 
a  puucb  mark.  This  punch  mark  and  the  slot  in  the  timer  drive- 
shaft  coupling  should  be  assembled  in  line  and  on  the  same  side 
of  the  driveshaft  center.  The  timer  drive  gear  and  camshaft  ^ear 
are  punch-marked  with  a  double  mark  on  the  tooth  of  the  former 
and  between  the  teeth  of  the  latter,  and  in  Bsaembling  gears  these 
double  marks  should  be  together  while  single  marks  on  the  crank- 
shaft gear  and  camshaft  gear  are  together.  When  the  gears  are 
so  assembled,  No.  1  piston  should  be  in  firing  position  and  the 
slot  in  the  timer  driveshaft  half  of  the  coupling  should  be  up. 

In  counecting  t^e  ignition  unit  to  the  timer  driveahaft  coupling 
the  following  applies  when  timer  drive  gear,  shaft  and  shaft 
coupling  are  assembled  properly.  If  the  coupling  has  not  been 
loosened  on  the  timer  coupling  shaft,  turn  the  crankshaft  with  the 
hand  crank  until  No.  1  piston  is  A  in.  past  top  dead  center,  or 
IW  in.  past  on  the  flywheel,  on  compression  or  firing  stroke. 
Bemove  the  distributer  cover,  which  is  held  in  place  by  two  spring 
clips,  and  turn  the  timer  coupling  shaft  until  the  distributer  arm 
is  brought  into  position  opposite  No.  1  segment  iu  the  distributer 
cover.  The  front  right  terminal  on  the  distributer  cover  is  No.  1. 
Turn  the  timer  coupling  shaft  to  the  right  or  left  until  the 
coupling  pin  is  in  a  position  to  engage  in  the  driveshaft  coupling 
notch.  With  the  timer  in  this  position  couple  it  to  the  engine, 
bolt  to  bracket  and  connect  the  termnals  in  the  proper  firing 
order   of   the   engine,  namely,  from  left   to   right,   or   clockwise, 

1-3-4-a. 

If  the  coupling  has  been  loosened  on  the  timer  coupling  shaft, 
place  No.  1  piston  and  distributer  arm  in  position  as  explained. 
Retard  the  breaker  and  turn  the  timer  coupling  shaft  by  the 
knurled  collar  until  the  platinum  points  just  break,  or  in  other 
words,  just  separate.  Hold  the  coupling  shaft  in  this  position, 
turn  the  coupling  on  the  shaft  until  the  coupling  pin  is  opposite 
the  notch  in  the  driveshaft  half  of  the  coupling  and  tighten  the 
coupling  elamp  screw.  Couple  the  timer  to  the  engine  and  con- 
nect the  terminals  as  previously  explained.  Exercise  care  in  con- 
necting the  terminals.  Be  sure  that  they  are  tight  and  secure,  and 
do  not  allow  any  of  the  high-tension  cables  to  rub  or  chafe  on 
any  metallic  part  of  the  engine  or  car. 
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Westinghouse  Electrical  Systems 

NUMEROnS  dificrent  Xypes  of  e)ectri<^al  equipment  for  the 
motor  car  manufactured  by  the  Westinghouse  Electric  & 
Mfg.  Co.  are  in  use.  In  the  majoritj  of  ttieae  installations  the 
single-wiro  ejBtem  is  used,  aiid  the  positive  side  of  the  system  is 
grounded  in  practically  all  cases,  if  the  system  is  grounded  at 
all.  In  some  systems  the  generator  and  motor  actions  are  com' 
bined  in  a  single  machine,  while  in  the  majority  of  cases  they 
are  taken  care  of  by  separate  machines.  The  systems  in  which 
the  generator  and  motor  actions  are  combined  in  a  single  machine 
are  the  12-volt  type,  and  in  the  majority  of  cases  the  tno-  and 
three-unit  systems  are  of  the  6-volt  typo.  In  some  cases  the 
ignition  is  combined  with  the  generator,  and  in  some  it  ia  taken 
care  of  separately. 

The   starting   motors   are   all  quite   similar   in   their   electrical 
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operation,  but  quite  a  number  of  different  methods  are  used  in 
transmitting  power  from  the  motor  to  the  crankshaft  of  the 
engine,  and  in  this  way  there  is  quite  a  wide  variation  in  their 
construction.  Several  different  types  of  starting  switches  are 
used  and  they  will  be  described  briefly  in  one  of  the  following 
sections.  The  lighting  switch  is  usually  of  the  push-button  type. 
All  the  various  circuits  are  fused  by  cartridge  fuses  mounted  in 
fuae  boxes  or  compartments  provided  for  them. 

Rerersed  Series  Field  Regolation 

Exploded  views  of  two  generators  with  reversed  series  field 
regulation  are  shown  in  Figs.  273  and  274.  The  automatic  cutout 
is  mounted  inside  of  the  frame  of  the  generator  shown  in  Fig. 


le  generator  tcith  ri 


273  and  in  the  case  of  Iho  generator  shown  in  Fig.  274  tho  cutout 
is  mounted  outside  the  frame  of  the  generator.  The  internal 
connections  of  the  generator  shown  in  Fig.  273  are  given  in  tho 
diagram  in  Fig.  275,  and  its  operation,  as  well  as  the  operation 
of  the  generator  with  an  external  cutout,  is  as  follows: 
As  the  speed  of  the  generator  builds  up  its  voltage  incceaseB, 
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and  finally  sufficient  current  is  produced  in  tlie  ehuut  winding 
of  tlie  cutout  to  produce  ample  pull  on  its  armature  to  close  the 
cutout  contacts.  When  tlie  cutout  contaeta  close  the  generator 
immediately  starts  to  deliver  current,  provided  its  voltage  exceeds 
the  voltage  of  the  battery,  which  should  always  be  the  case  when 
the  cutout  contacts  close.  If  no  lamps  are  turned  on,  the  current 
delivered  by  the  generator  will  pass  through  the  series  winding 
of  the  generator  and  charge  the  battery.  The  direction  of  this 
current  is  such  that  its  magnetizing  action  opposes  tbe  magnetiz- 
I  of  the  current  in  the  Shunt  field  winding  and  the 
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Fto.  275 — Internal 


generator  operates  as  a  differential  compound  generator.  Thb 
differential  action  of  the  series  field  tends  to  prevent  the  output 
of  the  generator  from  increasing  as  rapidly  as  it  ^ihiTwise 
would  ^0. 

If  some  eurreut  is  being  supplied  to  tho  \iiw\>'  iiiirl  thix  current 
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is  tess  than  the  generator  current,'  then  the  current  in  the  aeries 
winiliiig  will  be  equal  to  the  generator  current  minuB  the  current 
taken  by  the  lariips,  and  the  demagnetizing  action  of  the  series 
field  wilt  not  be  as  great  as  it  was  in  the  previous  case,  which 
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results  in  the  generator  output  increasing  a  little  more  rapidly. 
If  the  lamp  current  exceeds  the  generator  current,  the  battery 
will  have  to  assist  the  generator,  and  the  current  in  the  series  field 
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will  be  in  the  reverse  direction  to  what  it  was  in  the  preceding 
caHCB.  The  magnetizing  action  of  the  aecies  field  will  assist  the 
magnetizing  action  of  the  shunt  field  and  the  generator  will 
operate  as  a  cumulative  compound  generator.  It  is  thus  seen 
that  as  the  lamp  load  increaaea  the  magnetizing  action  of  the 
seriea  field  is  changed,  and  this  change-of  itself  tends  to  cause  the 
output  of  the  generator  to  increase.    An  exploded  view  of  the 
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interior  of  another  form  of  generator  with  reversed  series  field 
regulation  is  shown  in  Fig   276 

In  addition  to  performing  the  generator  functions  this  machine 
has  a  diatnbuter,  an  interrupter  and  ignition  coil  mounted'in  the 
end  opposite  the  commutator  and  thus  seriea  aa  an  ignition  unit. 
A  view  of  the  machine  with  the  distributer  and  interrupter  cover 
removed  is  shown  in  Fig  277,  and  the  position  of  the  interrupter 
weights  at  high  speed  is  shown  m  Fig  278  A  diagram  of  the 
connections  is  shown  m  Fig.  279. 

The  operation  of  the  ignition  system,  including  the  interrupter 
and  distributer,  ignition  coil  and  switch,  begins  with  the  making 
of  the  primary  circuit  of  the  coil  when  the  centrifugal  weights 
push  down  the  fiber  bumper,  allowing  the  interrupter 
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close.  Then  the  weight  moves  off  tbe  fiber  bumper,  allowing  the 
contacts  suddenlj  to  separate  or  open,  when  a  high  voltage  is 
induced  in  the  Becondarj  of  the  ignition  coil  and  directed  by  the 
distributer  to  the  proper  spark  plug,  causing  a  spark  at  the  spark 
plug  gap.  As  the  speed  of  the  engine  increases,  the  weights  are 
thrown  ont  from  the  center  and  automatically  advance  the  time  of 
closing  or  opening  the  interrupter  contacts  and,  hence,  advance 
the  spark.     At  the  same  time,  due  to  their  shape,  they  keep  the 
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contacts  closed  during  a  greater  part  of  the  revolution  when 
running  at  high  speed;  this  makes  the  period  of  contact  practically 
the  same  at  all  speeds  and  prevents  the  spark  voltage  from  falling 
off  at  high  speeds. 

In  generators  not  provided  with  automatic  spark  advance  ths 
centrifugal  weights  are  omitted  and  a  cam  substituted.     The 
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interrupter  cODtaets  are  changed  bo  ag  to  make  the  breaking  of 
the  contact  oecar  when  the  lever  is  pushed  down  hy  the  cam 
initead  of  when  being  returned  bjr  the  spring. 

The  generator  with  the  combined  cutout  and  regulator  mounteij 
OD  it  and  no  ignition  bead  has  two  terminals  marked  — B  and  L 


or  — B  and  +  B,  and  another  machine  of  exactly  the  same  typo 
but  used  with  an  electromagnetic  Btartiag  motor  gearshift  baa 
three  terminals  marked  — B,  S  and  L.  The  generators  with  the 
combined  cutout  and  regulator  mounted  on  them  and,  in  addition, 
an  ignition  head  may  have  two  terminals  marked  — B  and  L  or 
—  B  and  +  B,  or  they  ma;  have  three  terminals  marked  — B, 
S  and  L. 
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Third-Kwh  Regulation 

The  generators  with  third-bruah  regulation  are  of  the  shunt- 
wound  type,  and  their  output  is  regulated  by  the  third-bruah 
method.  An  electromagnetic  cutout  mounted  outside  the  gen- 
erator automatically  connects  and  disconnects  the  generator  and 
the  battery.  In  some  caseB  this  cutout  is  combined  with  the 
starting  switch,  and  in  some  cases  it  is  mounted  inside  the  gen; 
erator  frame. 

A  diagram  of  atypical  system  of  this  kind  is  shown  in  Fig.  2S9. 
Qenerators  of  this  type  are  provided  with  two  terminals  marked 


A  —  and  P,  and  the  cutout  has  three  terminals  marked  A — , 
B —  and  F.  An  inspection  of  the  diagram  will  enable  you  readily 
to  trace  the  following  circuits.  The  shunt  coil  and  the  cutout  is 
connected  between  the  negative  terminal  of  the  generator  marked 
A  —  and  the  ground  which  corresponds  to  the  positive  terminal  of 
the  generator.  When  the  cutout  contacts  close  a  circuit  ia  estab- 
lished from  the  grounded  terminal  of  the  generator  to  the  grounded 
terminal  of  the  battery  through  the  battery,  through  the  ammeter 
to  the  terminal  B  —  on  the  cutout,  through  the  cutout  contacts 
and  aeriea  coil  of  the  cutout  and  to  the  terminal  A —  on  the  cut- 
oat  to  terminal  A  —  on  the  generator,  through  the  generator  to 
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the  positive,  or  grounded,  terminal  which  completea  the  circuit. 
Some  of  the  generatora  having  third-brusb  regulation  have  the 
cutout  mounted  inside  the  frame  of  the  machine,  and  in  such  eases 
the' generator  h&a  onlj  one  terminal  and  this  terminal  connects 
to  the  negative  battery  terminal.  The  cutout  is  mounted  inside 
the  cover  at  the  commutator  end.    The  core  of  this  cutout  can  be 
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tator,  aeparaleli/  tn 


t  and  vottane  regu- 


raised  or  lowered  and  the  air  gap  between  the  lower  end  of  the 
core  and  the  movable  armature  changed.  When  the  adjusting 
screw  is  turned  to  the  right  the  air  gap  is  decreased  and  the  cut' 
out  closes  at  a  lower  dynamo  speed  or  voltage,  while  turning 
the  adjusting  screw  to  the  left  increases  the  air  gap  and  the  cut- 
out closes  at  a  higher  dj'namo  speed  or  voltage.    The  frames  of 
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these  generators  are  made  from  steel  pipe  aud  are  known  as 
No.  760. 

Some  of  the  generators  with  tliird-brush  regulation  are  pro- 
vided with  an  ignition  unit  as  shown  in  Fig.  2S1.  Should  it  be 
necessarf-  at  uiy  time  to  operate  the  ear  with  the  battery  dis- 
connected, the  following  instructions  should  be  observed  properly 
to  protect  the  system.  The  5-ampere  fuse  in  the  shunt-field  circuit 
should  be  removed.  This  fuse  may  be  mounted  on  the  back  of  the 
cutout  switch  or  perhaps  inside  the  switch,  in  which  case  there 


will  be  a  note  to  that  effect  on  the  outside.  If  no  fuse  can  be 
found  and  there  is  still  a  shunt-field  circuit,  any  two  of  the  gen- 
erator brushes  should  be  removed.  In  removing  each  brush  it 
should  be  noticed  which  side  was  up,  and  each  brush  should  be 
replaced  in  its  original  holder  with  the  proper  side  up,  taking 
care  to  see  that  the  brush  is  resting  against  the  commutator. 
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Bectroinagiielic  Voltage  Regulation 

Generators  witb  eleetromagnetic  voltage  regulation  have  their 
output  regulated  bj  inteimittentlf  varying  the  reaiatance  of  tbe 
shunt  field  circuit.  A  diagram  of  the  internal  connections  of  a 
generator  of  this  kind,  in  which  the  regula.tor  ia  mounted  sepa- 
rate!}', is  shown  in  Fig.  282,  and  one  in  which  the  regulator  is 
mounted  inside  tbe  generator  housing  is  shown  in  Fig.  2S3.  The 
principle  of  operation  of  tbe  regulator  ia  tbe  same  in  both  eaaea, 
and  it  is  combined  with  the  automatic  cntout  and  all  placed  in 
one  housing.  Two  views  of  the  combined  regulator  and  cutout 
are  shown  in  Fig.  2S4.    This  combined  unit  performs  the  follow' 


ing  functions:  That  of  a  cutout,  which  automatically  connects 
and  diaconnects  tbe  generator  from  tbe  battery  when  the  genera- 
tor is  driven  above  or  below  a  predetermined  speed  and  that  of  an 
automatic  voltage  regulator  which,  after  the  cutout  has  con- 
nected the  generator  circuit  to  the  l)attery,  automatically  keeps 
the  generator  voltage  at  a  predetermined  value.  Each  function 
ia  performed  by  ita  individual  element,  but  the  operation  of  the 
aecond  function  dependa  upon  that  of  the  first. 

When  the  generator  is  being  operated  at  a  speed  below  the  pre- 
determined cut-in  speed,  the  contacts  of  the  cutout  armature  are 
open,  the  voltage  of  the  generator  being  below  that  of  the  battery. 
When  the  generator  speed  reaches  the  cut-in  speed  these  contacts 
are  closed,  connecting  the  generator  circuit  to  the  battery  circuit. 
The  cut-in  speed  varies  from  5  to  10  m.p.h.  on  high  gear,  depend- 
ing upon  the  gear  ratio  and  wheel  diameter  of  the  particular  car. 

The  eut-in  speed  of  the  generator  can  be  observed  by  running 
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tbe  car,  alloniag  it  to  increase  in  speed  slowly  aod  observing  on 
the  speedometer  the  speed  at  which  the  car  is  ruQQing  when  the 
cutout  contacts  close,  which  is  indicated  by  a  slight  aQvement  of 
the  meter  needle. 

The  regulator  is  so  constructed  that  the  cutout  operates  to  dia- 
counect  the  generator  from  the  batterj  circuit  at  a  speed  sligbtlj' 
below  the  cut-in  speed.  This  enables  the  regulator  to  keep  the 
circuit  closed  snd  not  constantly  open  or  close  it  when  the  car 
is  being  run  at  speeds  close  to  cut-in  speed.  This  dieconneoting 
of  the  generator  from  the  battery  circuit  when  the  generator 
voltage  is  below  tbe  battery  voltage  insures  tbat  tbe  battery  will 
Dot  be  discharged  through  the  generator. 

The  sbunt  fields  of  these  generators  are  so  designed  tbat  a 
voltage  in  excess  of  the  normal  voltage  regularly  would  be  gen- 
erated when  the  generator  is  opera,ted  at  high  speed  and  do  load. 
This  eicess  voltage  is  prevented,  and  the  voltage  is  held  constant 
by  the  Butomatic  voltage  regulator.  When  the  generator  is 
operating  below  cut-in  speed  the  contacts  of  this  regulator  are 
closed  and  remain  closed  until  the  generator  armature  is  revolved 
at  a  speed  which  generates  a  voltage  in  excess  of  a  predetermined 
value.  This  voltage  is  fixed  by  the  setting  of  the  voltage- regulat- 
ing screw,  which  is  adjusted  at  the  factory  and  should  be  changed 
only  by  an  experienced  man.  When,  due  to  the  increased  speed  of 
the  generator,  the  voltage  tends  to  exceed  the  value  for  which 
the  regulator  is  set,  the  regulating  contacts  open,  opening  the 
direct  shunt-field  circuit  and  cutting  in  the  regulating  resistance. 
This  causes  a  momentary  ilrop  in  voltage  so  that  the  contacts  close 
again.  This  opening  and  closing  of  the  contacts  is  continuous 
and  BO  rapid  as  to  be  imperceptible  to  the  eye  and  to  hold  tbo 
voltage  constant! 

The  generator  used  with  a  aeparately-monnted  combined  cutout 
and  regulator  has  two  terminals  marked  A  —  and  P.  The  P 
terminal  corresponds  to  the  shunt  field,  and  the  A  —  terminal  cor- 
responds to  the  ungrounded,  or  negative,  terminal  of  tbe  generator. 
There  are  three  terminals  on  the  cutout  marked  A — ,  P  and  B — . 
The  A  —  and  F  terminals  connect  to  the  corresponding  terminals 
OD  the  generator,  and  the  B —  terminal  connects  to  the  negative 
terminal  of  the  battery.  The  generator  with  the  combined  cut- 
out and  regulator  self-contained  has  only  one  terraiiuil,  and  it  is 
marked  B  — . 
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Two  generators  with  eleetromagnetic  voltage  regulation  are 
equipped  with  WestinghouBe  vertical  ignition  units.  These  two 
generators  have  a  self-contained  and  aeparatelj-mounted  combined 
cutout  and  regulator.  The  one  with  the  regulator  and  cutout 
self-contained  has  three  terminals  marked  — B,  I  and  S,  and  the 
one  with  a  separately -mounted  regulator  and  cutout  has  three 
terminals  marked  —  A  10  and  F. 

Mecbanical  and  ElMtromagnetic  Regulation 

The  frames  of  the  generators,  with  combined  mechanical  and 
electromagnetic  regulation,  are  similar  in  construction  to  frame 
No.  760,  having  third-brush  regulation.  The  cutout  and  reg- 
ulator are  carried  on  the  end  bracket  of  the  machine  nest  to  the 
commutator.  The  operation  of  the  cutout  is  practically  the  same 
as  that  of  all  electromagnetic  cutouts  having  a  shunt  and  series 
winding. 

The  regulator  has  two  movable  contacts,  and  the  position  of 
one  of  these  contacts  is  determined  by  the  magnetic  force  enerted 
by  a  solenoid  whose  winding  is  connected  across  the  brushes  of  the 
generator,  while  the  position  of  the  second  contact  is  determined 
by  a  special  cam  mounted  on  the  shaft  of  the  generator.  This 
second  contact  is  moved  up  and  down  as  long  as  the  armature  of 
the  generator  is  rotating.  Since  the  first  contact  is  moved  up 
End  down  by  the  variation  in  the  magnetic  force  acting  upon  it 
and  since  this  magnetic  force  depends  upon  the  current  in  the 
solenoid,  which  varies  directly  as  the  voltage  between  the 
brushes  of  the  generator,  it  is  evident  that  the  duration  of  the 
time  that  the  two  contacts  are  in  actual  contact  will  depend  upon 
the  voltage  of  the  generator. 

If  the  lower  contact  has  not  reached  the  limit  of  its  upward 
travel  when  it  touches  the  upper  contact,  it  merely  pushes  the 
upper  contact  upward  until  it  reaches  the  limit  of  its  upward 
travel.  Hence,  the  nearer  the  upper  contact  point  is  to  the  lower 
contact  point,  when  the  lower  contact  point  is  in  its  lowest  posi- 
tion, the  longer  the  total  time  the  contact  points  are  in  actual 
contact  as  the  cam  revolves.  On  the  other  hand,  if  the  upper  con- 
tact be  raised,  the  time  the  two  are  in  contact  as  the  cam 
revolves  will  be  decreased. 

While  the  contact  points  are  touching  each  other  the  field  cnr- 
rent  passes  directly  between  them,  but  when  the  points  are  ■ep- 
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arated  tlie  field  current  must  pass  through  a  reeistanee  connecting 
the  contact  points  and  thus  decreasing  the  field  current  and  hanea 
the  voltage  of  the  generator.  The  frames  of  these  machineB  are 
designated  as  No.  761  B. 

Generator  and  Starting  Motor  Unit 

In  the  combined  generator  and  starting  motor  unit  the  genera- 
tor and  starting  motor  actions  are  combined,  and  the  voltage  of 
the  system  is  12  volts  with  the  positive  side  grounded.  The  in- 
ternal connections  of  a  system  of  this  kind  are  shown  in  Fig.  285, 
and  the  operation  of  the  system  easily  may  be  followed  by  refer- 
ence to  this  figure.  The  generator  is  provided  with  two  field  wind- 
ings, one  of  rather  large  wire  and  comparatively  few  turns  and 
the  other  one  of  small  wire  and  a  relatively  large  number  of  turns. 
■*  When  the  starting  switch  is  closed  a  circuit  is  completed  through 
the  series  winding  of  the  machine  and  its  armature,  and  it  operates 
as  a  series  motor.  The  regulation  of  the  output  of  the  machine 
as  a,  generator  is  by  the  third-brush  method,  in  combination  with 
the  reversed  series  field. 

In  some  systems  using  this  type  of  generator  the  starting  and 
ignition  switches  are  combined  and  no  automatic  cutout  is  used, 
the  combined  switch  remaining  closed  as  long  as  the  engine  is  in 
operation.  A  system  of  this  kind  is  shown  in  Fig.  2S5,  and  the 
electrical  unit  has  two  terminals.  Otiier  systems  using  the  com- 
bined generator  and  motor  unit  have  an  automatic  cutout  mounted  * 
separate  from  the  generator,  and  in  such  systems  the  starting 
switch  and  cutout  are  combined.  The  generator  has  only  one 
terminal. 

Wettinghouw  Starting  Motors 

The  electrical  operation  of  the  numerous  Westinghouse  start- 
ing motors  is  practically  the  same.  They  are  of  the  series  type, 
and  their  chief  difference  is  in  the  mechanical  constrnction  of 
their  frames  so  as  to  suit  them  to  the  different  methods  of  mount- 
ing the  motors  on  the  engines  and  the  different  method  of  trans- 
mitting power  from  the  motor  shaft  to  the  engine  crankshaft. 
Two  general  systems  are  employed  by  Westinghouse  for  connect- 
ing the  starting  motor  to  the  engine  crankshaft.  In  one  the 
engine  is  driven  by  a  gear,  in  the  majority  of  cases  on  the  fly- 
wheel, that  has  a  sliding  pinion  meshing  with  it,  which  in  turn 
is  driven  directly  or  through  a  reduction  gearing  by  the  starting 
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motor  and  ia  brought  into  and  out  of  mesh  with  the  geas  on  the 
fiTwheel  by  s  special  shifting  lever  or  aome  automatic  device.  In 
the  second  system  the  reduction  gears  are  mounted  in  the  motor 
honsing,  and  the  slow-speed  intermediate  shaft  is  connected  to 
the  engine  crankshaft  by  an  overrunning  clutch  whieli  prevents 
the  starting  motor  from  being  run  by  the  engine. 

The  intermediate  gears  connecting  the  motor  to  the  engine  may 
be  brought  into  mesh  by  pressing  a  starting  pedal,  and  after  the 
pedal  has  moved  far  enough  to  throw  the  gears  into  mesh  the  start- 
ing switch  is  closed  by  a  further  movement  of  the  starting  pedal. 
Another  system  makes  use  of  a  powerful  solenoid  in  shifting  the 
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Fig.  2SR— Wiring  of  Westlnghou»e  combined  generator  and  motor 


,  gears.  In  this  system  three  switches  are  used.  A  push  button  on  the 
dasb  is  marked  start,  another  switch  ia  mounted  in  a  cylindrical 
housing  through  which  the  starting  cable  runs  and  to  which  there 
is  a  wire  from  the  switch  on  the  dash,  and  the  third  is  the  main 
starting  switch  connected  to  the  sbtfting  pinion.  Closing  the 
push-button  switch  on  the  dash  sends  current  through  the  solenoid 
operating  the  cylindrical  switch  and  causes  this  switch  to  close, 
and  (he  circuit  ia  completed  to  the  large  starting  switch  through 
a  powerful  solenoid  and  to  ground.  This  solenoid  pulls  on  a 
plunger  attached  to  the  sliding  gear  and  main  starting  switch 
contacts  and  connects  the  motor  to  the  engine  and  closes  the 
starting  motor  circuit.  The  electrical  connections  are  such  that 
when  the  voltage  of  the  generator  is  equal  to  the  voltage  of  the 
battery  there  will  be  no  current  flowing  through  the  switch  wind- 
ings, which  was  closed  by  the  dasb  switch,  and  this  will  result  in 
the  main  starting  circuit  being  opened  no  matter  whether  the 
push-button  switch  on  the  dash  ia  opened  or  remains  closed. 


westtnohouse  electrical  systems 
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A  third  type  of  pinion  or  gearshift  operates  as  follows:  Clos- 
ing the  main  electrically  operated  switch  starts  the  motor,  and 
it  runs  at  slow  speed  and  then  the  circuit  of  the  magnetic  pinion 
shift  Is  closed.  The  operation  of  the  pinton  shift  disconnects  the 
motor  for  a  brief  period  and  it  revolves  due  to  its  own  momentum 
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until  the  gears  mesh  and  then  full  voltage  is  applied  to  the  mo- 
tor. When  the  starting  push-button  Is  released  all  the  varioua 
gears  and  switches  are  restored  to  their  original  condition.  In 
these  inataUationa  the  electrical  connections  are  such  that  as  soon 
as  the  engine  runs  at  a  speed  sufficient  to  cause  the  voltage  in 
the  generator  to  be  equal  to  the  voltage  o(  the  battery,  the  elec- 
trically operated  switch  opens,  even  if  the  driver  fails  to  release 
the  starting -switch  button. 

A  fourth  type  of  automatic  screw  pinion  shift,  known  as  the 
Bendii  drive,  ia  employed.  The  starting  switch  may  be  closed 
by  a  foot  pedal,  or  it  may  be  operated  electrically  by  an  electro- 
magnet and  the  circuit  of  the  electromagnet  opened  and  closed  by 
a  push-button  switch.  A  fifth  and  comparatively  new  method  of 
gear  coQnection  between  the  motor  and  the  engine  ia  one  in 
which  the  starting  motor  is  connected  by  gears  to  the  transmis- 
sion countershaft  in  place  of  the  engine  flywheel  or  crankshaft. 
Two  spur  reduction  gears  are  mounted  on  a  countershaft  in  such 
a  way  that  one  may  be  made  to  mesh  with  a  pinion  on  the  arma- 
ture shaft  of  the  starting  motor,  and  at  the  same  time  the  other 
may  be  made  to  mesh  with  one  of  the  transmission  geam.  These 
intermediate  gears,  together  with  the  shaft  upon  which  they  ore 
mounted,  are  moved  back  and  forth  by  the  starting  lever.  The 
electrical  circuit  through  the  armature  and  fleld  windings  of  the 
starting  motor  is  closed  by  the  action  of  the  starting  lever  after 
it  has  moved  a  sufficient  amount  to  cause  the  gear  to  be  in  mesh. 
No  overrunning  clutch  is  required,  as  the  traasmission  gears 
when  operating  under  the  action  of  the  engine  throw  the  reduc- 
tion gears  out  of  mesh. 

IiutaUation  on  1917  Chalmon 

Two  wiring  diagrams  of  a  typical  Westtnghouse  installation 
are  given  in  Figs.  286  and  2S7.  This  is  a  three-unit,  single-wire, 
6-volt  installation  with  the  positive  side  of  the  system  grounded. 
The  starting  motor  circuit  may  be  traced  as  follows:  Starting 
with  the  positive  side  of  the  battery  along  the  large  cable  to 
the  grounded  terminal  of  the  starting  motor,  through  the  start- 
ing motor  to  the  starting  switch,  through  the  starting  switchj  when 
its  contacts  are  closed,  to  the  negative  terminal  of  the  battery. 

The  automatic  cutout  is  located  in  the  generator  housing,  and 
the  charging  circuit  may  be  traced  as  follows,  assuming  the  ant- 
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<mt  ia  eloBed;  From  fhe  negative  terminal  of  the  generator 
tltrougii  the  cootactB  of  the  cutout  to  the  ungrounded  Bide  of 
the  generator  from  the  ungrounded,  or  negative,  terminal  of  the 
generator  to  one  eide  of  the  battery  indicator,  through  the  indi- 
cator to  one  side  of  the  starting  switch,  thence  to  the  negative 
Bide  of  the  battery  along  the  heav^  cable.  The  positive  side  of  the 
generator  and  battery  are  both  grounded;  hence,  thej  are  con- 
nected together  permanently  and  the  circuit  is  complete.  If  any 
current  is  being  taken  by  any  one  of  the  various  lamp  circuits, 
the  current  passing  through  the  indicator  will  be  equal  to  the 
current  delivered  by  the  generator  less  the  current  taken  bf  the 
lamps,  ignition  apparatus,  etc.  When  the  current  taken  by  the 
lamps,  ignition,  etc.,  eiceede  in  value  the  current  delivered  by 
the  generator  then  the  battery  discharges  and  assists  the  gener- 
ator and  the  indicator  ahowa  a  discharge  rather  than  a  charge. 

Two  bulbs  are  provided  in  each  head  lamp,  and  the  circuit 
through  these  bulbs  is  completed  through  the  ground  or  frame  of 
the  ear.  The  dash  and  tail  lamps  are  each  7-volt  bulbs,  and  they 
ore  connected  in  parallel  and  controlled  by  the  same  switch. 
A  diagrammatic  view  of  this  installation  is  shown  in  Fig.  S88. 


Dpi  .?d  by  Google 


CHAPTER  XXVm 

Gray  &  Davis  Electrical  Systems 

THE  Tarions  Giay  &  DaTia  electrical  systems  for  the  motor  ear 
may  be  eonveoiently  grouped  into  two  main  classes,  depend- 
ing upon  tbe  kind  of  generator  that  is  used,  namely,  constant- 
speed  generator  systems  and  variable-speed  generator  Byetems. 

Constant-Speed  Generator  Systems 

Tbe  generators  used  in  the  conatant-apeed  generator  systems 
ore  ef  the  constant-speed  type.  The  generator  ia  driven  by  the 
engine  through  a  specially-constructed  friction  governor  which 
prevents  the  speed  of  tbe  armature  of  the  generator  from  exceed- 
ing  a  predetermined  value  regardless  of  the  speed  oi  the  engine. 

These  generators  are  cither  two-  or  four-pole  depending  upon 
the  type.  They  all  have  round  frames  and  may  be  nsed  with  sin- 
gle or  two-wire  systems.     They  are  eompound-wonnd  and  Ibey 


F(p.  289 — Btetional  view  of  Oray  rf  Davis  starting  motor,  type  Y 
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operate  as  simple  shunt  machines  except  when  the  lamps  ate 
turned  on.    The  current  taken  by  the  lamps  paases  through  the 
series  field  and  Increasea  the  output  of  the  generator  as  the 
>  demand  is  increased. 

Aa  eleetromaEnetio  cutout  is  provided  in  the  circuit  between 
the  generator  and  the  battery  and  closes  and  opens  the  circuit 
when  the  voltage  is  above  or  below  the  voltage  of  the  battery. 

The  starting  motors  are  of  the  two-pole  typo  and  are  connected 
to  the  engine  by  a  gear  reduction  to  a  jackshaft  upon  which  there 
is  a  sliding  pinion  which  meshes  with  a  gear  on  the  flywheel  rim. 
The  sliding  pinion  is  provided  with  an  overrunning  clutch.  The 
starting  switch  and  sliding  pinion  are  operated  by  means  of  the 
same  pedal  or  lever,  as  shown  in  Fig.  289. 

Another  type  of  a  connection  between  the  starting  motor  and 
.the  engine  is  made  by  a  silent  chain  running  over  a  sprocket  on 
the  engine  crankshaft  and  a  double  sprocket  on  the  shqft  of  the 
starting  motor.  A  set  of  reduction  gears  is  carried  inside  the 
motor  housing  and  an  overrunning  clutch  is  built  inside  the  motor 
sprocket. 

The  wiring  diagram  of  a  two-wire  system  is  shown  in  Fig.  S90, 
and  a  plan  view  of  the  installation  is  shown  in  Fig.  291.  The 
starting  switch  is  so  constructed  that  a  reBistance  is  connected  in 
series  with  the  battery  and  starting  motor  when  the  switch  is 
in  the  first  position,  and  this  resistance  is  cut  out  of  circuit  when 
the  snitch  is  completely  closed. 

Variable-Speed  Generator  Syttemt 

The  generators  used  in  the  variable -speed  generator  systems 
are  connected  mechanically  to  the  engine  and  always  run  at  a 
definite  speed  in  relation  to  the  engine  speed.  The  machines  are 
shunt-wound,  and  their  output  is  regulated  by  either  the  third- 
brush,  or  electromagnetic  method,  depending  on  the  model. 

Electromagnetic  Regolation 

The  generator  with  electromagnetic  regulation  is  a.  reetangnlair 
frame  machine  and  the  combined  cutout  and  regulator  is  mounted 
in  a  rectangular  housing  on  top  of  the  generator.  Looking  down 
on  the  regulator,  there  are  six  terminals  visible,  three  at  each 
end.  The  two  outside  terminals  on  the  driving  end  are  marked 
B  and  L  respectively.     The  terminal  marked  L  is  connected  to 
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the  lighting  switch,  and  the  terminal  marked  B  is  connected  tc 
the  negative  terminal  of  the  battery  with  a  current  indicator  id 
seriea.  These  connections  are  all  plainly  shown  in  Figa.  292  and 
293.  The  center  terminal  at  the  drive  end  of  the  generator  ia 
unmarked  and  is  used  in  grounding  one  end  of  the  shunt  coil 
on  the  combined  cutout  and  regulator.  The  three  terminals  op- 
posite the  drive  end  axe  marked  A,  F  and  F'l  reapectlTely  and 
are  uaed  in  making  the  connectiona  between  the  combined  cutout 
and  legalator  and  the  armature  and  field  of  the  generatoi.  No 
external  connections  are  made  to  these  terminals. 

The  internal  connections  of  the  combined  regulator  Mid  cutout 
are  shown  in  the  wiring  diagram  in  Fig.  293.  The  regulator  has 
two  aets  of  contacts,  and  each  set  when  closed  sbort-circuita  a 
resistance  in  the  field  circuit.  With  an  increase  in  output  there 
is  an  increase  in  the  magnetic  pull  on  the  armature  controlling 
these  points,  and  finally  they  are  opened  and  the  field  resistance 
increased,  which  lowers  the  field  current  and  thus  decreases  the 
output.  This  opening  and  closing  of  the  regiHator  contacts  ia 
vety  rapid  after  the  output  of  the  generator  has  reached  the  value 
for  which  the  regulator  is  adjusted.  The  current  taken  by  the 
lamps  does  not  pass  through  all  the  seriea  turna  of  the  combined 
regulator  and  cutout,  and  as  a,  reault  when  the  lamps  are  turned 
on  the  output  of  the  generator  ia  increased.  Fuaes  are  provided 
in  the  circuits  to  the  lighta  and  horn  as  shown  in  Fig.  293.  These 
fuses  all  are  mounted  on  the  back  of  the,  lighting  switch.  The 
lighting  switch  is  of  the  rotary  type  and  has  four  positions  as 
follows;  First,  side  and  tail  lamps;  second,  head  and  t^  lamps: 
third,  all  lamps  on ;  and  fourth,  all  lamps  ofi^. 

The  starting  motor  used  with  this  type  of  generator  ia  of  the 
series-wound  type  and  is  connected  mechanically  to  the  engine 
either  by  a  pinion  which  meshes  with  a  gear  on  the  flywheel  or 
by  a  silent  chain  and  overrunning  clutch. 

Third-Brwh  Regulation 

The  generator  with  third-brush  regulation  ia  a  reetangular- 
frame,  two-pole,  shunt-wound  machine.  The  electromagnetic  cut- 
out ia  located  inside  the  generator  frame  above  the  commutator. 
There  is  only  one  terminal  on  the  machine,  and  this  connects 
with   the  negative   terminal   of   the   battery. 

The  motor  used  with  this  system  is  a  rectangular-frame,,  ^wo- 
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pole,  aerieB-wonnd  mMbinb  and  has  only  one  terminal,  which  eon- 
neetB  to  the  starting  HWiteh  and  from  there  to  the  negative 
terminal  of  the  battery. 

The  Gray  &  DbyIb  generators  are  described  quite  completely 
in  the  section  devoted  io  the  Gray  &  Bavis  systetn  for  Ford  cars. 

A  complete  wiring  diagram  of  the  Gray  &  Davia  installation  on 
the  Paige  ia  shown  in  Fig.  294.  It  is  a  three-unit,  6-Tolt,  single- 
wire  system.  The  output  of  the  generator  is  regulated  by  the 
electromagnetic  method.  The  combined  cutout  and  regulator  are 
in  a  rectangular  housing  on  top  of  the  generatoi'. 

The  starting  motor  is  a  two-pole  aeries-waund  machine,  and  an 
automatic  pinion  is  used  in  connecting  it  to  the  engine. 

A  battery  ignition  system  made  by  the  Remy  Electric  Co.  ia 
used,  and  current  is  supplied  either  by  the  storage  battery  or 
the  ehatgiug  geneiator. 
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CHAPTER  XXIX 

USL  Electrical  Systems 

GENERATOR  and  starting  motor  actions  are  combined  in  a 
single-unit  in  all  the  different  electrical  systems  for  the 
motor  oar  as  manufactured  by  the  U.  8,  Light  &  Heating  Corp. 
The  field  structure  of  the  unit  is  stationary,  and  the  armature  is 
fastened  to  the  crankshaft  of  the  engine  in  place  of  the  flywheel. 
In  some  systems  the  armature  rotates  outside  the  field  struc- 
ture, while  in  the  other  systems  the  armature  rotates  inside  the 
field  as  in  ordinary  practice. 

Four  principal  types  of  equipment  are  supplied  by  the  USL 
company,  and  these  different  types  differ  from  each  other  chiefly 
in  the  method  employed  in  regulating  the  output  of  the  unit  as 
a  generator  and  the  different  combinations  of  voltages  used  in 
starting  and  charging. 
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fig.  298— WMnp  diagTUm  of  the  V8L  24-12  volt  ««<«»,  ' 
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An  exploded  view  of  the  electrical  unit  for  the  24-12-volt  sys- 
tem is  shown  in  Fig.  295,  and  a  typical  wiring  diagram  is  given 
in  Fig.  396.  The  battery  uaed  with  this  system  consists  of  twelve 
cells  divided  into  two  gioupa  of  six  cells  each.  These  two  groups 
are  connected  in  aeriea  by  the  special  rotary  drum  starting  switch 
when  the  electrical  unit  operar^  as  a  starting  motor  aad  in 
parallel  when  the  electrical  unit  ia  operating  as  a  generator.  In 
some  installations  the  lights  are  operated  direct  from  the  twv 
groups  of  cells  in  parallel  or  from  a  single  gronp  when  the  sEart- 


ing  switch  is  depressed  and  they  are  of  the  14-volt  type.  Some 
installations  make  use  of  a  three-wire  system  for  lighting,  and 
in  such  cases  the  lamps  are  of  the  7-volt  type.  Both  of  these 
systems  of  wiring  are  shown  in  the  lower  left-hand  comer  in 
Fig.  296. 

The  electrical  unit  is  an  eight-pole  machine,  and  the  fields  are 
compound- wound.  Both  windings  are  used  for  generator  and 
motor  actions.  The  internal  connections  are  plainly  shown  in 
Fig,  296.    There  are  three  terminals  on  top  of  the  flywheel  case. 

A  diagram  of  the  combined  cutout  and  regulator  is  shown  in 
the  upper  left-hand  .corner  of  Fig.  296.  Both  the  cutout  and 
regulator  functions  are  taken  care  of  by  a  single  electromagnet, 
which  has  a  shunt  and  series  winding.  The  cutout  contacts  close 
and  open  the  circuit  connecting  the  generator  and  the  battery  in 
the  usual  manner.    The  regulator  acts  to  vary  the  pressure  OH 


428  AUTOMOBILE  ELECTRICAL  SYSTEMS 


r-« 

s 

/^^\             X 

I   J            A. 

Mr            »BJB 

" 

r- 

L 

trSL   ELECTRICAL  SYSTEUS  429 

a  small  carbon  resistance  connected  in  Beries  with  the  ahunt  fielf 
winding  and  thus  varies  the  ahunt  excitation  as  the  output  cbangea. 
The  magnetizing  action  of  the  aeries  field  winding  opposes  the 
-  magnetizing  action  of  the  shunt  field  winding  when  the  unit  is 
acting  as  a  generator  and  thus  tends  to  prevent  an  exceBsivo 
increase  in  the  output  of  the  machine. 

The  two  positions  of  the  starting;  fiwitch  are  clearly  shown 
in  Fig.  296,  and  the  starting  motor  and  generator  ciicuits  easily 
may  be  traced  by  reference  to  tliis  figure. 

The  touring  switch  shown  in  the.  upper  right-hand  corner  of 
Fig.  296  enables  the  driver  to  control  the  charging  of  the  bat- 


Fig.  206— VSL  24-12  volt  »v»ttm,  Inherentm  reeulalei  ofwl  emterma 

armature  tj/pe 

teiy.  With  this  switch  open  the  generator  will  not  charge  the 
battery,  while  with  this  switch  closed  the  generator  will  charge 
the  battery,  provided  the  engine  speed  is  sufGcient. 

12-6  Volt  System,  Extonal  Regidator 

An  exploded  view  of  the  electrical  unit  for  the  12-6  volt  system 
is  shown  in  Pig.  297,  and  a  typical  wiring  diagram  ia  given  in 
Fig.  298.  The  battery  used  with  this  aystem  consiats  of  aii 
cells  divided  into  two  groups  of  three  cells  each.     These  two 
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groups  are  conaecteil  in  series  by  tho  special  rotary  drum  start- 
ing  switch  when  the  electrical  unit  operates  as  a  starting  motor 
and  in  parallel  when  the  electrical  unit  ia  operating  as  a  gen- 
erator. The  lights  are  operated  direct  from  one  aeetion  of  the 
battery,  and  they  are  of  the  7-volt  type. 

Alternate  poles  of  the  electrical  unit  have  a  shunt  winding,  ' 
and  the  remaining  poles  have  a  series  winding.  The  operation 
of  the  cutout,  regulator,  starting  switch  and  touring  switch  all 
are  the  same  as  for  the  system  described  in  the  previous  section. 

24-12  Volt  Syttem,  Inherendy  Regglated 

An  exploded  view  of  the  electrical  unit  Cor  this  system  is 
shown  in  Fig.  399  and  a  typical  wiring  diagram  is  given  in  Fig, 
300.  The  battery  used  with  this  system  consists  of  twelve  cells 
divided  into  two  groups  of  six  cells  each.  These  two  groups 
are  connected  in  aeries  by  the  special  starting  switch  when 
the  electrical  unit  operates  as  a  starting  motor  and  in 
parallel  when  the  electrical  unit  is  operating  as  a  generator.  The 
lights  are  operated  on  either  the  two-  or  three-wire  plan,  as  shown 
diagrammatical ly  in  Fig.  300. 

Seven  of  the  eight  poles  of  the  glectrieal  unit  have  a  series 
winding  on  them,  and  the  remaining  pole  is  provided  with  a  shunt 
winding.  The  poles  on  the  opposite  sides  of  the  pole  having  the 
shunt  winding  on  it  are  of  the  same  polarity  as  the  shunt  pole. 
The  demagnetizing  effect  of  these  poles  upon  the  shunt  pole  acts 
to  prevent  the  output  of  the  generator  from  becoming  excessive. 

The  cutout  is  of  the  electromagnetic  type  and  is  carried  on  the 
engine  Bide  of  the  dash.  Two  fuses  are  mounted  on  the  cutout 
base,  one,  of  6-aapere  capacity,  in  the  shunt  field  circuit  and 
the  other,  of  30-ampere  capacity,  in  the  main  circuit  of  the  elec- 
trical unit.  A  touring  switch  is  provided,  and  its  operation  will 
be  obvious  after  an  inspection  of  the  wiring  diagram.  An  indi- 
cating ammeter  ia  mounted  on  the  dash  and  is  connected  in  the 
circuit  from  the  positive  terminal  of  the  battery  to  the  touring 
switch. 

12-12  Voh  System,  Inherently  Rf^uUted 

A  typical  wiring  diagram  of  a  12-12-volt  system  is  given  in 
Fig.  301.  The  electrical  unit  has  four  terminals,  the  automatic 
cutout  has  four  and  the  starting  switch  has  three.     The  three 
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termiiia)a  of  the  starting  switch  are  eonneeted  together  when  the 
starting  switch  is  in  its  closed  position,  and  no  connections  are 
made  through  the  starting  switch  when  the  electrical  unit  is 
operating  as  a  generator.  The  touring,  ignition  and  lighting 
switches  all  are  combined  in  a  single  unit. 

A  compensating  Seld  coil  is  used  in  addition  to  the  shtint  and 
series  field  coils  described.  This  compensating  field  eoil  is  con- 
nected to  brush  No,  3,  as  shown  in  the  diagram.  The  object  of 
this  compensating  coil  is  to  weaken  the  magnetic  field  with  an 
increase  in  speed,  but  this  effect  is  not  yeij  noticeable  tintil  the 
generator  has  practically  reached  its  maximum  ontput. 

A  wiring  diagram  of  the  UBL  installation  on  the  1916  Mercer 
is  shown  ia  Fig,  302,  This  is  »  two-unit,  12-volt,  two-wire  sys- 
tem. The  generator  has  inherent  regulation  due  to  the  combined 
actions'  of  a  series  and  compensating  field  winding.  The  start- 
ing switch  is  operated  magnetically  by  closing  the  starting  but- 
ton on  the  daeh. 

On  the  1917  Mercer  cars  a  magnetic  switch  is  used  to  open  and 
close  the  shunt-field  circuit.  This  switch  closes  and  connects  the 
shunt  field  directly  to  the  battery  unless  the  touring  switch  is 
open.  Supplying  current  direct  from  the  battery  to  the  shunt  field 
winding  causes  the  electric^  unit  to  pick  up  quickly. 
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CHAPTER  XXX 

Leece-Neville  Electrical  Systems 

THE  generator  lot  the  1913  Leece-Neville  systems  is  bipolar, 
and  for  ttie  1914  systems  it  is  multipolai.  It  Ib  conneeted 
to  the  engine  by  gears  and  delivers  current  to  the  storage  batter; 
at  a  pressure  of  12  volts.  The  circuit  between  the  generator  an4 
battery  is  closed  and  opened  by  a  special  two-pole  cutoutj  which 
also  serves  as  a  visual  battery  indicator  as  to  whether  the  bat- 
tery is  being  charged  or  not.  The  ojltput  of  some  of  the  genera- 
tors is  regulated  by  armature  reaction.  They  are  shunt-wound 
machines,  and  a  maximum  current  of  approximately  12  amperes 
is  reached  at  a  speed  of  about  15  m.p.h.  In  some  cases  the  gen- 
erators are  provided  with  both  a  shunt  and  series  field  winding, 
and  in  each  case  the  magnetizing  action  of  the  series  field  opposes  . 
that  of  the  shunt  Geld  and  thus  tends  to  prevent  a 
in  the  output  of  the  generator  as  the  speed  inc 

The  starting  motors  used  in  1913  were  bipolar,  and  those  used 
in  1914  were  multipolar.  The  motors  are  connected  to  the  engine 
through  reducing  gears  arranged  to  ineaji  with  gears  on  the  fly- 
wheel of  the  engine.  The  starting  switch  has  four  tetminals  and 
may  be  of  the  rotating-druin  or  sliding-contaet  type.  The  same 
rod  that  throws  the  motor  gears  into  mesh  trausmita  the  aeesH 
sary  motion  to  the  starting  switch.  The  rod  itself  on  some  cars 
Is  operated  by  moving  the  transmission  eearshift  lever  into  a 
special  slot  and  then  pushing  it  forward  quickly  to  the  end  of  the 
slot.  A  spring  throws  the  gears  out  of  mesh  when  the  lever  is 
returned  to  its  neutral  position  and  the  starting  switch  is  opened. 
On  cars  equipped  with  magnetic  gearshifts,  the  rod  which  op- 
Watea  the  intermediate  gears  and  the  starting  switch  itself  is 
operated  by  the  starting  pedal.  Pressing  a  button  on  the  dash 
marked  ' '  start  * '  connects  the  rod  to  the  clutch  pedal  mag- 
iieticalty,  and  the  gears  are  thrown  into  mesh  and  the  starting 
Bwitcb    closed    by    throwing    the    clutch    peda!    forward.      WliMi 
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tbe  batton  on  the  dasli  is  released  the  gears  are  throwii  ont  of 

mesh  bj  a  spring  and  the  Btartiug  switch  is  opened- 

In  the  1913  inatallationB  Ibq  reduction  gears  are  not  incssed, 
while  in  the  1914  inst&llations  the  gears  are  incased  in  the  end 
yoke  of  the  motor,  which  mokes  it  possible  to  keep  them  well 
greased. 

The  wring  of  the  car  is  such  that  the  lamps  operate  on  9 
rather  than  12  volts.  A  wiring  diagram  of  the  Leece-NeviUe 
installations  is  shown  in  Fig.  303. 

The  output  of  the  6-valt  generators  for  1915^  1916,  1917  and 
191S  is  regulated  by  the  third-brush  method.    They  are  shnnt- 
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wound,  and  a  coll  is  placed  on  each  of  the  four  poles.  In  some 
eases  an  ignition  head  is  mounted  on  the  generator.  Borne  of 
the  systems  make  use  of  a  four -terminal  two-pole  electromagnetic 
eutout  mounted  on  the  dash,  while  other  systems  have  the  eutont 
mounted  pn  the  generator. 
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The  starting  motors  are  four-pole,  serleB-wound.  In  aome  in- 
stallations the  motor  is  connected  to  the  engine  hj  a  planetary 
reduction  gearing  mounted  in  the  end  of  the  motor  frame  and 
a  lileDt  chain  whieh  drives  through  an  overrunning  clutch.  Other 
installations  make  use  of  the  Bendix  drive  in  connecting  the 
motor  to  the  engine  crankshaft. 

The  starting  switch  maj  be  of  the  two-terminal  plunger  type 
mounted  under  the  floorboard,  or  it  may  be  mounted  on  top  of 
the  Starting  motor  and  operated  by  a  rod. 

Installation  on  1915  Haynet 

The  inatBUation  on  the  1915  Haynes  is  a  S-volt,  two-unit,  two- 
wire  syatem.  A  wire  diagram  of  the  system  is  showm  in  Fig.  304, 
The  output  of  the  generator  is  regulated  by  the  third-brush  meth- 
od.   Botating  the  third  brush  in  the  direction  of  rotation  increaaea 
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the  ourrent  output  of  the  generator  at  any  given  speed,  while 
moving  the  third  brush  in  the  opposite  direction  to  the  rotation 
of  the  armature  decreases  the  output.  The  generator  and  storage 
battery  are  connected  and  disconnected  by  a  two-polo  cutout 
which  opens  both  sides  of  the  circuit.  No  ammeter  is  used,  but 
a  target  ia  mounted  on  the  cutout  in  such  a  way  that  the  word 
"Off"  appears  through   an  opening  in  the  front  of  the  instru- 
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ment  when  the  generator  is  not  chArging  the  batteiy  and  tbe  word 
"Charging"  appear*  when  the  battery  ia  being  charged.  This 
combined  indicator  sjid  target  ii  mounted  on  the  dash  of  the -ear 
together  nitb  the  light  awitches,  and  a  front  vien  of  the  paad 
il  shown  in  Fig.  305.  Three  lighting  buttons  are  provided,  and 
they  operate  the  following  eircuita:  Tbe  upper  one  when  it  k 
polled  out  turns  on  the  head  lights  dim  with  the  tail  light  bright; 
ithen  the  second  switch  is  pulled  out,  leaTing  the  upper  one  out, 
the  head  llghta  are  turned  on  bright  and  tbe  tail  light  remains 
bri^t;  the  third  switch  controls  the  eowl  U|^t. 

Iliere  are  two  rnnning  positions  for  the  ignition  switch,  m 
that  cnnent  for  the  ignition  system  ma^  be  drawn  from  eitbar 
of  two  BOtfoes,  the  storage  battery  or'a  battery  of  six  dry  cella. 
The  negative  side  of  the  primary  winding  of  this  ignition  circuit 
ia  grounded. 

bstaDation  on  1917  Hayne* 

The  installation  on  a  1917  Haynes  is  a  6-volt,  .three-unit,  two- 
tallation.     A  circuit  diagram  of  the  system  is  shown  in 


Fig.  306.  The  generator  and  motor  are  both  of  the  round  frams, 
four-pole  type.  The  output  of  tbe  generator^  regulated  by  the 
third-brush  method,  and  it  automatically  is  connected  to  and  dia- 
eonnected  from  the  battery  by  an  electromagnetic  cutoat.    This 


„    t;oo;,lc 


LBECE-NEVILLE  ELECTRICAL   BTSTEMS  441 

entoat  !■  mounted  on  top  of  the  generator,  and  eonneetloiis  are 
made  to  it  bj  a  plug,  as  Bhown  diagiammaticallj  in  Fig.  307.  The 
fuse  in  the  shunt  field  circuit  serve  as  a  protection  to  the  geneta- 
tOT  should  the  cutout  contacts  fail  to  close  or  the  geneiator  bo 
Of  crated,  with  the  battery  removed.  It  is  best  alwars  to  remove 
this  fuse  when  the  batterj  is  disconnected  for  any  reason  at  aUL 

The  startiug  motor  switch  is  mounted  on  top  of  the  starting 
motor  and  operated  by  a  rod  which  leads  to  a  ring  in  the  cowl* 
board  in  front  of  the  driver. 

An  ammeter  is  mounted  on  the  cowlboard  and  indicates  tha 
diarge  and  discharge  current  of  the  battery  except  the  enrreat 
taken  by  the  starting  motor. 

A  battery  ignition  system  is  used,  and  it  is  controlled  by  in 
ignWoa  Bwitob  monnted  9U  the  oowlbotint. 
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CHAPTER  XXXI 

Bosch-Rushmore  Electrical  Systems 

THE  generators  made  hy  the  Bosch  and  Buahmore  companieB 
have  their  output  regulated  by  either  of  two  methodsj  namely, 
the  bucking  field  type  of  regulation  or  the  electromagnetic  type  ot 
regulation. 

Buddng  Fidd  Type  of  RegulatioD 

These  generators  are  of  the  round  frame,  two-pole  type,  and 
each  of  the  poles  haa  a  series  and  a  shunt  winding.  The  voltage 
of  the  generators  may  be  either  6  or  12  volts,  depending  on  the 
installation,  and  the  system  may  be  of  the  single  or  two-wire  type. 
The  connections  of  the  windings  are  such  that  the  magnetizing 
action  of  the  series  turns  opposes  the  magnetizing  action  of  the 
shunt  turns  in  the  majority  of  cases.  In  some  of  the  systems 
built  previous  to  1617,  the  series  field  winding  is  shunted  by  a  coil 
of  iron  wire,  called  a  ballast  coil,  whose  action  is  as  fallows; 

When  the  output  of  the  generator  is  low  the  ballast  coil  carries 
practically  all  the  current  the  generator  is  delivering.  As  the 
current  output  increases  the  iron  wire  composing  the  ballast  coil 
begins  to  heat  and  its  resistance  increases,  thus  causing  more 
current  to  pass  through  the  series  field,  which  tends  to  lower  the 


Fiff.  SOS — TiBO  atiilea  of  dtmamo  used  with  Bosch  standard  lighHno 

tlietemi.    The  smaller,  /requentlu  coiled  (Re  fan-type  ii/namo,  ts 

type  D8R-10Z  and  the  larger  DSR-3 
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Fig.  309 — Wiring  diagram  of  Boich  ttandard  imtailation 

nHng   DBO    gtticrator,    OBG-IOS    BCntrvl    boa   and    8-103 

UghUng  atnilch 
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Fig.  810 — Wirtnff  dkiffr«m  of  Bosck  ttandari 
Imtailatlon    uHng    D8R-S    generator,    CBQtOl       io|e 
control  box  and  B-102  UghMng  sieitch  '- 
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output  of  the  geneiator.  The  maximum  current  the  generator 
will  deliver  may  be  changed  bj  replacing  the  ballast  coil  with  one 
having  a  different  resistance  and  thus  the  generator  output  may 
be  adjusted  to  meet  the  demands  on  the  storage  battery.  Two 
tjpes  of  Bosch  generators  are  shown  in  Fig.  306.  The  smaller 
one,  which  ii  frequently  referred  to  as  the  fan-tjpe  generator, 
is  known  as  tjpe  D  S  R-103  and  the  larger  one  as  tjpe  D  8  B-3. 

The  wiring  diagrams  of  two  typical  Bosch  installations  are 
shown  in  Figs.  309  and  310. 

The  generators  that  do  not  use  the  ballast  coil  are  very  similar 
in  construction  to  those  that  use  it.     In  two  generators  of  this 


Fig.   ail — Batch  tlandard   lighttng  tsilem 
eOHtrot    boa,    type    CB-101,    with    cover    re- 
movtd:    C,  cutout;  F,  fit-Id  lute;  U,  main 
ivte;  K,  resiatnnce  coll 
type,  D  B  O-105  and  D  S  O-106,  the  lamps  are  connected  in  aeries 
with  the  series  field  coils  and  the  series  field  carries  current  only 
when  the  lamps  are  burning.    In  these  two  machines  the  magnet- 
izing action  of  the  series  Geld  assists  the  magnetizing  action  of 
the  ;hunt  field.     Two  different  types  of  control  boxes  are  fur- 
nished with  these  systems.    Type  C  B-101  contains  the  cutout,  the 
ballast  coil,  the  shunt  field  fuse  and  a  main  fuse  which  earries 
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tbe  entire  lighting  current.  A  view  of  a  control  box  of  this  type 
with  the  cover  removed  la  shown  in  Fig.  311.  The  installatioas 
on  some  cars,  such  as  the  Marmon,  are  not  provided  witli  thia  large 
fuse,  but  aeparate  fuaes  are  provided  in  eacli  of  the  lighting 
cireuitB.  The  Q  B  O-J02  type  of  control  box  is  identical  except 
no  ballast  coil  ia  provided.  A  metal  atrip  ia  connected  in  place 
of  the  eoil. 

Two  typea  of  switchea  are  provided.  In  one  (ype  the  lighting 
and  ignition  awitchea  are  combined,  and  in  tbe  other  type  thia 
Bwiteh  is  combined  with  an  ammeter  to  form  a  unit.  A  front 
view  of  both  typea  of  awitchea  ia  shown  in  Fig.  31S. 

The  Bosch  and  Ruahmore  starting  motors  are  practically  the 
same.  The  construction  of  the  motor  Is  such  that  its  armature  is 
moved  endwise  when  the  starting  switch  is  closed  and  the  driving 
pinion  is  brought  into  roeah  with  the  gear  on  the  flywheel.  The 
operation  of  this  system  of  driving  is  fully  described  in  the 
section  on  "Motor  and  Engine  Connectiona. " 

Electromagnetic  Type  of  Regulation 

The  generators  for  theae  systems  are  shunt- wound  machines, 
and  an  external  regulator  is  provided.  This  regulator  coDsiats  of 
a  solenoid  wboae  plunger  atanda  in  a  vertical  position  and  is  held 
down  by  a  spring.  The  end  of  this  plunger  reats  upon  a  mass  of 
carbon  and  mica  which  forma  part  of  the  field  circuit.    The  wind- 


Fig.  312 — Tva  tii/tet  of  twitchea  ■  aupplied  toUh  Boech  Btmdar^ 
tiOhting  ayatema.     Type  S-101  ia  without  atumettr;  tvpe' 8-102  U 

with  ammeter.     Both  incorporate  a  lodklng  aevtci  J,i 
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iag  of  the  solenoid  ia  connected  across  the  generator  brushes,  and 
as  the  voltage  of  the  generator  increasee  the  plunger  is  raised  and 
the  pressure  on  the  mass  of  carbon  and  mica  is  decreased,  which 
results  in  the  resistance  of  the  field  circuit  being  increased.  The 
increase  in  field  resistance  causes  a  decrease  in  field  current  and 
hence  a  decrease  in  generated  voltage.  The  regulator,  automatic 
cutout,  lighting  switch  and  ammeter  are  combined  in  a  single 
unit  and  mounted  "on  the  dash.  The  voltage  of  these  systems  may 
be  either  6  or  12  volts. 

Boich  Ignition  and  Lighting 

The  Bosch  ignition  and  lighting  system  combines  in  one  unit  a 

high-tension   magneto    and    a    direct-current    shunt-wound    lighting 

generator.    Each  electric  source  is  absolutely  independent  of  the 


other,  and  except  for  the  fact  that  the  two  units  are  combined  in 
one  housing  they  are  to  all  intents  and  purposes  entirely  distinct. 
Either  one  can  operate  independently,  and  the  operation  or  non- 
operation  of  one  does  not  in  any  way  affect  the  other. 

The  ignition  section  is  a  true  high-tension  magneto.  The  con- 
nections comprise  only  the  necessary  cables  between  the  magneto 
and  spark  plugs.    There  is  no  coil,  no  separate  timer  and  no  com- 
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plleations  of  wires.  The  batterj'  is  used  only  in  the  lighting 
eiicnit  and  in  no  iray  is  a  psrt  of  the  ignition  Hfstem  or  assists 
in  the  generation  of  ignition  current. 

The  generator  section  is  a  direct -current  b  hunt- wound  machine 
while  charging  but  is  arranged  with  an  citra  series  of  field,  wliich 
is  connected  in  Beiies  with  a  lighting  switch,  bo  that  all  the  light- 
ing current  passes  through  the  aeriea  field  and  materiallj  increases 
the  output  of  the  machine  when  running  under  loaded  conditions. 

The  wiring  is  verj  simple,  but  one  cable  from  the  generator  to 
the  batter}'  and  a  second  cable  from  the  generator  to  the  dis- 
tribution switch. 

The  Boseb  ignition-lighting  unit  shown  in  Fig.  313  is  for  use 
on  motor  cars  and  the  one  shown  in  Fig.  314  is  for  use  on  motfi*- 
cjcles. 
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CHAPTER  XXXn 

Dyneto  Electrical  Systems 

THE  generator  for  the  Dyneto  tWO-unlt,  6-ToIt,  single  or  two* 
wire  iiystem  iB  a  four-pole  shunt-wound  machine  whose  out- 
put is  regulated  hy  an  electromagnetic  tj^e  of  regulator  or  b<r 
the  third-bruBh  method,  depending  upon  the  type  of  machine  used. 
The  circuit  between  the  generator  and  the  battery  ia  controlled  by 
an  electromagnetic  cutout,  combined  with  the  regulator,  when  a 
regulator  ia  used.  A  section  of  this  combined  unit  is  shown  in 
Fig.  315,  and  a  diagram  of  the  connections  is  given  in  Fig.  316. 
The  winding  A,  Fig,  315  ia  connected  across  the  terminals  of  the 
geueratOT,  and  as  the  voltage  of  the  generator  builds  up  the  cur- 
rent in  this  winding  increases  in  value  until  the  armature  B  il 


Fig.     81B  — Oro»«-*eo«on     of         Fig.   Bid — WMno  dtagnm  of 

Dt/neto   combined   cufoiit   and         Dim  eta   contbineii   outout   and 

Tegalator  rtgulator 
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Ptg>.  317  and  318 — Wtriag  diafframs  of  DiineJo  aingle-Kiire,  ,«ppm 
and  Dyncto  iwo-tcire,  lower,  ejialema  i 
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leith  a: 

drawn  up  and  the  contacts  C  and  D  brought  together.  When  the 
contacts  C  and  D  are  brought  together  a  circuit  is  completed 
through  the  generator,  battery  and  the  coil  E,  which  is  made  ot 
heavy  wire  and  comparativolj  few  turns.  While  the  generator  Is 
charging  the  battery  the  magnetizing  actions  in  the  two  coils 
assist  eaeh  other,  and  as  the  charging  current  increases  this  mag- 
aetizin^  action  increases.    The  magnetizinf;  action  finally  reaches 
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a  value  ample  to  drHw  the  aimatuie  F  from  Its  normal  position 
and  thus  causes  the  points  O  and  H  to  separate.  These  two  points 
are  connected  directlj  in  the  shunt-field  circuit  and  when  they  are 
separated  a  resistance  I,  which  is  connected  directlj  across  the 
points,  is  introduced  into  the  field  circuit. 

The  Wiring  diagrams  of  a  single-  and  two-wiie  installation  are 
shown  in  Figs.  317  and  31S,  respectively.  In  both  of  these  in- 
stallations the  combined  cutout  and  regulator  are  mounted  sepa- 
rate from  the  generator.  In  systems  using  the  third-brush  type  of 
generator  the  automatic  cutout  is  mounted  separate  from  the 
generator,  or  on  top  of  the  generator,  depending  on  the  installa- 


Flg.  320 — Dyneto  comMned  generator  and  motor 

tion.     A  generator  of  the  third-brush  type  having  the  ontout  on 
top  and  provided  with  an  ignition  head  is  shown  in  Fig.  319. 

In  the  single-unit,  12-volt,  two-wire  system  used  on  Franklin 
cars  both  generator  and  motor  actions  are  provided  in  a  single 
machine,  mechanically  connected  to  the  crankshaft  of  the  engine 
by  a  silent  chain  with  a  gear  reduction  of  about  3  to  l,  depending 
on  the  particular  installation.  The  electrical  unit  has  six  poles, 
and  both  a  shunt  and  series  field  winding  provided.  A  view  of  the 
electrical  unit  is  shown  in  Fig.  320.    The  output  of  the  unit  when 
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opeTfttlng  BS  a  generator  is  controlled  b^  &  combination  -of  Uib 

third- brush  and  bucking  field  methods. 

A  typical  wiring  diagram  of  a  aystem  of  this  kind  is  shown  in 
Fig.  321.     A  front  view  of  the  starting  switch  is  shown  in   Fig. 
322,  and  it  is  mounted  on  the  dash  within  easy  reach  of  the  driver. 
This   switch   has   three   poaitioaa    marked   "off,"   "neutral"   or 
"touring"  and  "start."     The   ignition   circuit  is  controlled  by 
this  same  switch.     The  neutral,  or  touring,  position  is   for   long 
drives  with  a  fuUy  charged  battery,  and 
with  the  switch  in  this  position  the  igni- 
tion sf  stem  is  in  operation,  but  the  gen- 
erator will  not  charge  the  battery.  When 
,  the   switch   is   in  the   starting  position 

1  the  battery  and  electrical  unit  are  con- 

nected directly  together  and  the  batt«ry 
will  charge  as  long  as  the  Toltage  of  the 
electrical  unit  is  above  the  voltage  of  the 
battery.  When  the  voltage  generated  in 
the  armature  winding  of  the  electrical 
_  unit  is  less  thUn  the  voltage  of  the  bat- 

FUi.  322 — Dvneto  tery,  the  battery  will  discharge  and  tie 

Btarting  »v>itch  electrical  unit  will  act  aa  a  motor  and 

transmit  power  to  the  engine. 

No  fuses  are  provided  in  the  main  circuit,  but  the  diffeient  lamp 
circuits  are  fused  separately  as  indicated. 
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CHAPTER  XXXm 

Heinze  Electrical  Systems 

THE  generator  in  the  Heinze  two-unit,  6-volt,  aingle-nire  ijstem 
is  B  rectangular  frame,  four-pole,  6-voIt  machine,  and  a  ahuut' 
winding  is  provided  on  each  of  the  field  poles.  An  ignition  breaker 
and  distributer  are  mounted  on  the  commutator  end  which  is 
opposite  the  drive  end.  The  generator  complete  it  Rhown  in  - 
Fig.  323. 

The  output  of  the  generator  is  regulated  bj  an  eleetromagnetio 
regulator  combined  with  the  electromagnetic  cutout.  The  com- 
bined cutout  and  regulator,  together  with  the  ignition  coil,  maf 
be  mounted  on  top  of  the  generator  or  the^  omj  be  mounted  on  the 
engine  Bida  of  the  dash. 

The  starting  motor  is  a  rectangular  frame,  four-pole,  leries- 


Fig.  32S — Beint  gefitraior  with  Itnftion  breoter  and  Mttrttatff... 
-    MOHntnlan  one  mS  CkKHJlc 
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wonnd,  6-volt  machine  veiy  siiiiUm'  in  appearance  to  tbe  gen- 
erator. 

The  combined  starting,  lighting  and  Ignition  switch  is  mounted 
an  the  daah  within  eaaj  reaeh  of  the  driver.  The  starting  switch 
is  operated  \>j  a  button  which  projects  through  the  center  of  the 
main  switch,  while  the  lighting  and  ignition  circuits  are  operated 
bj  a  rotating  arm.  The  resistance  for  dimming  the  headlights  is 
inclosed  in  the  switch. 

Typical  Hoinze  butallBtioD 

Two  wiring  diagrams  of  the  Heinie  installation  on  the  Regal 
4-33  car  are  given  in  Figs.  32<  and  326.  The  external  oonneetiona 
,  are  shown  in  Fig.  324  and  the  internal  connections  are  shown  in 
Fig.  325. 
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Chapter  xxxiv 

Allis-Chalmers  Electrical  Systems 

THE  generator  and  motor  functions  may  be  performed  by  the 
same  machine  or  they  may  be' performed  by  entirely  separate 
macbines.  The  aingle-unit  system,  however,  is  the  more  com- 
monly used  equipment  for  motor  cars. 
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Sn^Untt,  6-V(dt,  Single-Wire 

Tha  electrical  unit  for  this  sjatem  eonHiste  of  a  compound  wound 
four-pole  combined  generator  and  motor.  The  armature  abaft  of 
the  electrical  unit  ia  connected  to  the  engine  crankshaft  by  k 
■ilent  ehain  or  rednction  gearing  and  no  overrunnEng  dutch  of  uiy 
kind  is  used. 

Tho  output  of  the  electrical  unit  when  operating  as  a  generator 
ia  regulated  by  an  eleetromagnetie  type  of  regnUtor.  The  rego- 
latoT  and  electromagnetie  cutout  are  combined  in  a  single  nnit. 
Two  tfpee  of  combined  cutout  and  regulator  are  ased.  One  tjrps 
Is  mounted  in  a  rectangnlar  box,  and  the  other  type  is  mounted  in 
a  ejlindrieal  metal  box. 

|fn*«il»^inn  ofi  Grant  Six 

A  wiring  diagram  of  the  Allia-Cb aimers  Installation  on  the 
Oraut  six  is  shown  in  Fig.  326.  This  is  a  single-unit,  six-volt, 
single-wire  sjiatem.    Tlie  Atwater-Eent  ignition  system  is  vaed. 
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CHAPTER  XXXV 
Disco  Electrical  Systems 

GENEBATOB  and  motor  aetious  in  the  Disco  aingle-unit,  12- 
volt,  single-wire  are  combined  in  a  single  nnit  whose  arma- 
ture is  connected  mechanically  to  the  engine  crankshaft.  The 
electrical  nnit  is  a  two-pole  machine  with  a  series  and  shnnt  wind- 
ing on  each  of  the  poles.  Sectional  views  of  the  geQerator  are 
shown  in  Fig.  327.  The  regulation  of  the  ontput  of  the  machine 
when  operating  as  a  generator  is  b7  a  combination  of  electro- 
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magnetic  and  bnckiug  field  typee  of  reflation.  A  Ward-Leonaid 
type  CD  combined  cutout  and  regulator  is  used.  A  wiring  dia- 
gram of  a  system  of  this  kind  is  shown  in  Fig.  328. 

Two-Unit,  6-  or  12-Volt 

The  Disco  two-unit  system  makes  use  of  both  rectangular  sjid 
round  frame  generators  and  motors,  and  they  operate  at  6  or  12 
volts,  depending  on  the  installation.  In  some  installations  the 
two  units  ore  moonted  above  each  other,  and  they  usually  are 
connected  direct  to  the  crankshaft  by  gears  or  silent  chain  and 
overrunning  dutch.  .  Both  machines  are  bipolar.  The  generator 
Is  a  compound- wound  maehine,  and  its  output  is  controlled  by  the 
bucking  field  method  of  regulation.  The  starting  motor  is  a  series- 
wound  motor.  The  circuit  between  the  generator  and  the  bat- 
tery is  controlled  by  a  Briggs  Ss  Stratton  cutout. 
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Fig,  328 — Wlrinif  diagram  of  the  Ditoo  »i«Ble-unlt  tnttoOatioH 
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CHAPTER  XXXVI 

Ward  Leonard  and  Detroit  Systems 

SEVEKAL  companies  use  equipment  made  by  the  Ward  Lieonard 
company,  principally  controllers,  in  combination  with  equip- 
ment made  by  themselvcB,  such  as  generators  and  motors,  and 
aj'stema  made  up  in  this  way  arc  known  by  the  name  Ward 
Leonard,  the  name  of  the  company,  or  combination  of  the  two. 
Thna  the  Detroit-Ward  Leonard  equipment  is  a  combination  of 
Detroit  and  Ward  Leonard  equipment. 

Ward  Leonard  Syatans 

The  Ward  Leonard  -  systems  use  a  S-volt,  two-pole,  shunt  gen- 
erator and  a  four-pole  series-wound  starting  motor.  The  output 
of  the  generator    is    controlled  by  a.  Ward  Leonard  controller. 
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Ih  some  instanationa  the  motor  ii  eonneeted  to  the  engiiw  bj 
a  Bendii  drive,  while  in  others  a  special  pinion  ia  used,  and 
this  pinion  is  operated  by  the  pedal  connected   lo  the  atarting 

Several  ^pes  of  controllers  have  been  made  i>y  the  Ward 
Leonard  company,  and  three  of  them  are  known  as  type  E,  type 
CO  and  type  CD.  The  type  E  is  used  with  the  Word  Leonard 
system  and  the  other  types  sold  to  companies  who  did  not  make 
their  own  controllers.  Two  electromagnets  are  nsed  in  the  type 
E  controller,  one  for  the  cutout  and  one  for  the  regulator.  In  the 
types  CC  and  CD  one  electromagnet  is  used,  and  the  only  difference 
in  these  two  types  is  that  the  type  CD  has  the  resistance  coil 
mounted  externally.  An  ezterual  view  of  the  type  CC  cutout 
and  regulator  is  shown  in  Fig.  329. 

Detroit  Electrical  SyBtcma 

The  Detroit  Starter  Co.  make  both  a  single-  and  two-unit  sys- 
tem. The  single-unit  system  has  three  terminals  and  usually  is 
mounted  on  a  bracket  alongside  the  engine  and  connected  to  the 


Fig.  3B0 — Detroit  tnatallation  on  lh«  Savon  Ma 


engine  or  crankshaft  by  a  silent  chain.  A  type  CD  Ward  Leonard 
controller  is  used  to  regulate  the  output  of  the  machine  when  it  is 
operating  as  a  generator. 

The  two-unit  system  is  very  similar  to  the  Ward  Leonard  sys- 
tem described.    The  generator  element  is  a  two-pole,  reetaogular- 
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frame,  sfaunt-wound  mocblne,  &nd  a  type  CC  Ward  Leonard  con- 
troller is  used  in  regulating  its  output.  The  motor  is  a  two-pole 
rectangular -frame,  serieH-wound  machine,  and  a  Beudix  drive  is 
used  in  connecting  it  to  the  engine. 

The  wiring  diagram  of  a  Detroit  installation  on  a  Saxon  aix  is 
shown  in  Fig.  830.    This  is  a  tvro-uuit,  6-Tolt,  Jdngle-wire  cyBien. 
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CHAPTER  XXXVn 

MEuntencince   and   Repair   of    Electrical 

Equipment  and  How  to  Diagnose 

Electrical  Troubles 

PART  I 

Points  on  Maintenance  and  Repair 

ELECTRICAL  troubles  may  be  divided  roughly  into  three 
classes,  namely,  troubles  due  to  wear  of  so-called  wearing 
partB,  derangement  of  the  wiring  and  connections  and  internal 
electrical  defects.  Of  these  the  average  garage  repairshop  should 
be  equipped  to  handle  the  first  two,  while  the  last  mentioned  ciaas 
should  be  taken  care  of  in  electrical  service  stations  or  repair- 
shops.  To  do  the  ordinary  electrical  repair  work  remarkably  lit- 
tle equipment  is  needed  beyond  that  found  in  every  machine  shop. 

Soldering  Joints  in  Wiring 

A  good  part  of  all  electric  work  consists  in  making  soldered 
joints,  and  a  soldering  outfit  is  a  first  requisite.  This  consists  of  a 
soldering  iron.  Fig.  331,  or,  preferably,  several  soldering  irons  of 
different  size,  a  supply  of  solder  in  wire  form. and  soldering  fluid 
or  flux.  In  most  of  the  work  the  ordinary  soldering  Hux:,  consist- 
ing of  a  solution  of  zinc  chloride,  can  be  used,  but  where  a  high 
degree  of  insulation  is  required  and  where  soldered  joints  have  to 
be  made  to  parts  of  different  electrical  pressure  that  are  sepa- 
rated only  by  thin  strips  of  insulating  material,  a  non-acid  flux, 
of  which  there  are  several  on  the  market,  sometimes  is  used. 
Eoain  will  serve  the  purpose.  None  of  these  special  fluxes  make 
the  solder  run  as  freely  as  the  regular  flux,  as  they  do  not  dis- 
solve the  layer  of  metallic  oxide  on  the  surfaces  to  be  soldered  as 
quickly.  The  ordinary  soldering  flux  usually  is  purchased  in  the 
form  of  a  salt,  and  the  fluid  flux  is  made  up  as  required. 
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When  making  a  soldered  joint  between  two  wires,  the  insulation 
is  pared  oS  for  a  certain  length,  the  wires  are  cleaned  mechanically 
by  sandpaper  or  emery  cloth,  twisted  together,  daubed  with  solder- 
ing flux  by  a  stick  or  swab  and  soldered.  In  making  joints  be^ 
tween  wires  insulated  with  cotton  or  silk,  commonly  known  as 
magnet  wires,'it  is  not  necessary  mechanically  to  clean  oC  tbe 


ends  of  the  wire,  which  is  comparatively  clean  w^en  the  insula- 
tion is  stripped  off.  But  rubber  or  com  posit  ion -covered  wire  should 
be  scraped  or  rubbed  off.    The  steps  are  shown  in  Fig.  333. 

Soldered  and  similar  joints  ate  insulated  by  adhesive  or  fric- 
tion tape,  which  comes  in  rolls.  This  is  wrapped  around  the  wire 
in  helix  fashion,  with  successive  turns  overlapping.  The  tape  Is 
wrapped  ovei  a  sufficient  length  of  the  wire  at  the  Joint  to  extend 
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a.  short  distance  over  the  inaulfttiou  on  both  sides  of  it.  The 
warp  of  the  tape  fabric  runs  parallel  vrith  the  tape,  and  the  latter 
can  be  torn  readily  into  tf^o  or  even  more  strips  if  the  size  of  the 
joint  permits  of  more  neatly  wrapping  the  narrow  strip  than  the 
full  width  of  the  tape.  Owing  to  the  adhesive  quality  of  the 
tape,  the  end  need  not  be  especislty  fastened. 

A  connection  between  a  wire  and  a  stationary  part  never  should 
be  made  by  wrapping  the  bared  wire  around  a  screw  or  binding 
post  and  screwing  a  uut  down  upon  it.  Such  a  joint  does  not 
furnish  a  good  connection.  Besides  the  wire  will  break  off  after 
having  been  fastened  and  loosened  a  few  times.  Connectors 
should  be  soldered  to  the  ends  of  the  wires  and  drilled  to  pass 
easily  over  the  binding  posts.    Such  joints  can  be  broken  and  re- 


Fiff,  333 — Metliode  of  connecUng  to  terminal  posti,  ground,  etc. 


made  any  number  of  times  without  trouble,  and,  besides,  they  give 
a  large  effective  contact  area.     See  Fig.   333. 

To  insure  the  durability  of  the  wiring  no  part  of  it  must  be 
subject  to  vibration.  This  is  fully  cared  for  in  most  modem  ma- 
chines, in  which  the  wires  are  run  through  flexible  metal  conduits. 
When  this  is  not  used,  it  is  well  to  fasten  the  wire  down  by  cleats 
in  a  substantial  manner.  Also,  in  replacing  parts  of  the  wiring 
system  wires  of  substantially  the  same  size  as  the  original  one 
should  be  used.  No.  14  B  &  8  gage  is  used  largely  for  lighting  and 
charging  circuits  and  No.  00  for  starter  connections. 

In  a  ground  return  single-wire  system  there  are  many  ground 
connections,  and  these  arc  likely  to  give  some  trouble.  The  num- 
ber of  connections  is  no  greater  than  in  any  insulated  return  wix- 
ing  system,  but  in  the  latter  case  the  conducting  snrfaeea  ftt  the 
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joint  are  usually  both  of  non-eorroaive  metals,  whereas  the  ground 
counectionB  generallj  have  to  be  made  to  parts  subject  to  rust. 
An  especiallj  good  ground  coauection  has  to  be  made  in  the  start- 
ing  motor  circuit,  BS  this  has  to  carry  a  very  heavy  current,  and  a 
poor  contact  would  greatly  cut  down  the  power  and  cranking 
speed  of  the  starting  motor.  Therefore,  if  a  starting  motor  aeems 
to  be  not  quite  up  to  power,  after  having  made  aure  by  an  hydrom- 
eter test  the  battery  contains  sufficient  charge,  the  contacts  and 
joints  in  the  starter  circuit  should  be  esamined,  particularly  the 
starter  switch  contacts  and  the  ground  connection  joints.  To 
secure  the  good  electrical  contact  necessary  for  the  starter  ground 
connection,  a  brass  plat,e  often  is  riveted  to  the  frame,  and  the 
connector  lug  on  the  ground  wire  is  bolted  to  this  plate.  Besides 
being  riveted  the  biaaa  plate  may  be  soldered  to  the  frame,  so 
rust  or  dirt  cannot  impair  the  contacta. 

Care  of  Generators  and  Starting  Motors 

Charging  generators  and  starting  motors  are  virtually  the 
same  type  of  machine  and  subject  to  the  same  troubles.  The 
bearings  of  both,  of  course,  require  oiling  occasioQally,  but  as 
these  machtnea  mostly  are  fitted  with  anti-friction  bearings,  only 
a  small  amount  of  oil  is  required,  and  no  aerioua  trouble  ia  likely 
to  result  from  lack  of  lubrication,  as  the  only  object  of  the  lubri- 
cant in  ball  anil  roller  bearings  ia  to  prevent  mating  of  the  parts. 

It  has  been  a  mootable  question  as  to  whether  eommutators 
should  be  lubricated.  Some  makers  advise  strongly  against  any 
lubrication,  on  the  ground  that  excessive  lubrication,  which  ia 
always  possible  if  an  unskilled  or  careless  person  looks  after  the 
machine,  gives  rise  to  no  end  of  trouble.  The  carbon  brushes,  as 
well  as  the  commutator  copper  bars,  wear  away  in  service,  and 
metal  and  carbon  dust,  which  conducts  electricity,  accumulates 
within  the  generator  or  motor.  If  the  interior  of  the  machine  is 
kept  dry,  this  dust  can  be  blown  out  at  intervals,  but  if  there  is 
an  exceaa  of  oil  in  the  machine  the  dust  will  cake  on  the  various 
parts,  forming  short-circuits,  grounds,  etc.  On  the  other  hatid, 
it  cannot  be  denied  that  a  thin  film  of  oil  on  the  commutator  will 
ent  down  the  brush  friction  and  reduce  not  only  the  heating  of 
the  commutator  and  loss  of  energy  but  also  the  wear  of  the  com- 
mutator and  brushes.  The  best  way  to  apply  the  oil  to  the  com- 
mutator, and  at  the  same  time  make  sure  that  there  will  be  no 
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excess  of  it,  is  to  dip  the  finger  slightly  into  the  oil  and  then  hold 
it  to  the  commutator  as  the  latter  revolves. 

Of  the  wearing  parts  of  generators  and  motora  those  that  re- 
quire the  most  attention  are  undoubtedly  the  brushes.  These  mnet 
elide  freely  in  the  bnisli  holders  and  yet  must  make  good  elec- 
trical contact  with  them. 
Where  very  heavy  currents 
have  to  be  carried,  as  in 
starting  motors,  some  makers 
consider  it  inexpedient  to  de- 
pend on.  the  frietional  con- 
tact between  the  brush  and 
the  holder  to  conduct  the 
current,  and  short  flexible 
cables,  known  as  pigtails, 
whose  ends  are  fastened  to 
the  brushes  and  the  holders 
respectively,  are  provided. 
In  order  that  the  electrical 
resistance  between  the 
brushes  and  the  commutator 
may  not  be  too  great,  the 
brushes  must  be  pressed 
firmly  against  the  commuta- 
tor, and  this  is  the  object  of 
the  brush  springs.  With 
many  designs  of  brush  hold- 
ers the  pressure  of  the 
springs  varies  as  the  brushes 
wear  down,  and,  therefore, 
when  the  brushes  become 
too  short  they  should  be  replaced.  New  brushes  must  be  fitted 
or  bedded  to  the  commutator.  To  this  end  a  strip  of  sandpaper 
is  placed  over  the  commutator  under  one  set  of  brushes,  with  the 
paper  toward  the  commutator.  Then,  while  one  man  presses  the 
bruabes  down,  another  draws  the  sandpaper  back  and  forth  over 
the  surface  of  the  commutator,  thus  wearing  the  contact  sur- 
face of  the  brushes  down  until  it  nicely,  fits  the  contour  of  the 
commutator.     See  Fig.   334. 

Another  wearing  part  of  electric  machines  ia  the  commutator. 
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This  generally  is  built  up  of  standard  copper  segments  with 
Bfcips  of  mica  between  for  insulation.  After  the  surface  on  which 
the  brushes  bear  has  become  rough,  it  is  impossible  to  secnre  good 
electrical  contact,  and  the  commutator  then  must  bo  turned  down 
in  a  lathe.  This  job  can  be  done  in  auj  ordinHrj  repairshop.  The 
armature  is  removed  from  the  machine  and  swung  between  ceu' 
ters  in  the  lathe,  and  cuts  are  taken  over  the  whole  width  of  the 
bearing  surface  of  the  commutator  until  it  is  absolutelj  cylin- 
drical, that  is,  until  all  signs  of  the  old  bearing  surface  have 
disappeared.  At  the  inner  end  of  the  bearing  surface,  just  in 
front  of  the  commutator  lugs,  a  shallow  groove  generally  is  cut. 
Fig.  335,  the  idea  being  that  at  least  one  of  the  brushes  shall 
extend  over  the  edge  of  this  groove,  thus  preventing  the  wearing 
of  a  ridge  on  the  bearing  surface  of  the  commutator. 

The  armature  alwiiys  has  a  slight  amount  of  end  plaj  in  its 


Pig.  335— Oroore  at  inner  edge  of  the  camntHtalor 

bearing,  and  if  a  ridge  were  allowed  to  form  on  the  surface  of 
the  commutator,  as  the  armature  played  back  and  forth  in  the 
direction  of  the  shaft  axis,  the  brush  would  clinch  the  ridge  and 
thus  partly  break  contact  with  the  commutator,  causing  spark- 
ing. After  the  commutator  has  been  turned  down  a  couple  of- 
times,  the  bars  or  sectors  become  very  thin,  and  it  then  becomes 
Decessary  to  refill  it.     This  involves  the  unsoldering  of  all  the 
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armature  wires,  called  leads,  from  the  commutator  luge  and  the 
removal  of  the  commutator  from  the  armature  shaft. 

The  actual  refilling  of  the  commutator  probably  is  beat  left  to 
the  maker's  service  station,  as  it  would  involve  too  much  trou- 
ble for  the  repairman  to  get  hard  copper  segments  of  the  proper 
size,  as  well  as  sheet  mica  properly  cut,  besides  making  a  special 
clamp  for  aasembling  the  bars.  Instead  of  refilling  the  old  com- 
mutator sleeve  a  new  commutator  may  be  fitted.  These  come 
with  tho  lugs  already  slotted  for  the  leads,  and  all  that  has  to 
be  done  after  the  commutator  is  fitted  to  the  shaft  is  to  solder 
the  leads  into  the  slots  and  possibly  to  put  on  a  band.  In  soldering 
care  must  be  taken  not  to  produce  a  ahort-circnit  between  adja- 
cent  bars,   or   segments. 

Sometimes  it  will  happen  that  the  mica  plates  between  adja- 
cent commutator  segments  project  slightly  above  the  surface  of 
the  commutator  and  prevent  intimate  contact  between  brushes 
and  commutator  segments.  Mica  is  eieeedingly  hard  and  wears 
less  rapidly  than  copper.  The  result  is  destructive  sparking  at 
the  brushes.  To  obviate  such  trouble  the  mica  may  be  undercut 
slightly  below  the  surface  of  the  commutator. 

One  of  the  causes  of  a  generator  failing  to  pick  up  is  an  open 
Geld  circuit.  After  a  thorough  inspection  of  the  brushes  and  when 
application  of  pressure  to  them  has  failed  to  remedy  the  trou- 
ble, the  field  circuit  should  be  investigated.  All  generators  of 
motor  car  electric  systems,  except  those  in  which  the  field  is  pro- 
duced by  permanent  magnets,  have  shunt  field  windings,  and  the 
break  may  be  either  in  the  windings  at  their  connections  to  the 
generator  terminals  or  in  the  regulating  resistances  sometimes 
connected  in  series  with  the  shunt  field  coil.  A  test  for  con- 
tinuity of  the  field  circuit  can  be  made  by  removing  one  set  of 
coinmutator  brushes  and  also  disconnecting  the  battery  cutout. 
Then  the  test  points  applied  to  the  generator  terminals  should 
show  a  complete  circuit  through  the  fleld. 

Regulating  Generator  Output 

Some  equipments  are  furnished  with  means  for  regulating  the 
rate  of  charge,  and  this  must  be  considered  a  very  useful  feature. 
Of  some  other  adjustable  motor  car  parts  it  is  said  that  they  are 
set  at  the  factory  and  should  never  be  disturbed,  but  Uiis  does 
not  always  apply  to  the  charge-regulating  device.    Some  opera- 
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tora  drive  under  aucb  conditions  that  verj  little  current  is  used  for 
starting  and  lighting  but  tbe  battery  is  being  cbarged  nearly  all 
the  time  the  car  is  on  the  road.  In  this  case  there  is  natarallf  a 
tendency  to  overcbarging.  Overcharging  results  In  s.  constant 
loss  of  energy,  in  the  production  of  corrosive  fumes  from  the  bat- 
tery electrolyte  and  deterioration  of  the  battery.  Other  opera- 
tors, who  do  much  city  driving  at  night,  use  a  great  deal  of  cur- 
rent for  starting  and  lighting,  and  owing  to  legal  and  traffic 
conditions  seldom  can  drive  at  a  speed  where  the  generator  is 
sending  its  full  charging  current  into  the  battery.  In  their  case, 
therefore,  a  tendency  to  undercbargijig,  is  a  much  more  serious 
matter   than   overcharging  and  also   much   more   common. 

An  undercharged  battery  gives  a  dim  light,  is  Incapable  ot 
cranking  the  engine  and  deteriorates  rapidly.  Therefore,  it  is  es- 
sential that  the  rate  of  charge  be  regulated  to  suit  the  conditions 
of  operation.  The  most  suitable  rate  of  charge  varies  even  with 
the  seasons,  as  in  summer  less  current  is  required  both  for  lighting 
and  starting,  for  fighting  because  of  the  relatively  much  longer 
period  of  daylight  and  for  starting  because  during  the  warm 
season  an  engine  cranks  easier  and  picks  up  its  cycle  quicker 
than  in  extreme  cold. 

Care  of  Stm-age  BaUery 

Two  things  in  regard  to  the  battery  should  receive  constant 
attention  if  the  battery  is  to  be  kept  in  condition.  Distilled  water 
must  be  added  at  intervals,  and  the  battery  always  must  be  kept 
in  a  fair  state  of  charge.  The  hydrometer  test  gives  the  most 
reliable  information  as  to  the  amount  of  charge  in  the  battery. 
Water  is  added  by  a  rubber  bulb  siphon  which  permits  of  ac- 
curately adjusting  the  level  of  electrolyte  in  the  cells. 

Every  garage  owner  who  has  direct-current  service  mains  in 
his  establishment  should  rig  up  a  low-voltage  battery -charging 
apparatus.  This  comes  very  handy  in  recharging  ignition  bat- 
teries and  in  "freshening"  starting  and  lighting  batteries  from 
cars  put  up  for  the  winter  or  when  the  generator  will  not  keep 
up  the  charge.  The  material  required  consists  of  a  conple  of  10- 
ampere  fuses,  a  doublO'pole  single-throw  10-ampere  knife  switch, 
a  rack  containing  seven  or  eight  lamp  sockets,  a  corresponding 
number  of  carbon  filaments,  32-oandtepower  bulbs  and  some  rub- 
ber-lsBulated  wiie  about  No.  11  B  &  8  gage.    As  shown  in  E^ 
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336,  the  fuses  and  awitch  are  mounted  on  a  board  secured  to  the 
wall  at  a  eonvenient  height.  The  lamp  rack  also  is  secured  to 
the  wall,  at  such  a  height  as  to  miniroize  the  danger  of  injurj'  to 
tbe  bulbs. 

■  From  the  mains  wires  are  rnn  to  the  fnaes  and  from  these  to 
the  upper  terminals  of  the  switch.  From  the  lower  terminals  one 
wire  is  run  to  the  battery  to  be  charged  and  the  other  to  the  lamp 
rack.  The- tamp  sockets  all  are  connected  in  parallel,  that  ia, 
one  wire  connects  to  one  terminal  of  each  lamp  socket  and  an- 
other wire  to  the  other  terminal  of  each  socket.    The  remaining 


Fig.  338 — Battery  charging  Outjtt 


lamp   rack  terminal   is   connected   to  the  storage  battery  to   be 
charged.     This  completes  the  charging  circuit. 

In  order  that  current  from  the  mains  may  flow  through  the 
battery  in  the  proper  direction  for  charging,  the  positive  side 
of  the  line  must  be  connected  to  the  positive  terminal  of  the 
battery.  The  battery  generally  is  marked  with  a  plus  sign,  but 
the  positive  side  of  the  line  has  to  be  deiermioed.  One  way  is  to 
hold  the  two  wires  to  the  battery  terminals,  first  in  one  way  and 
then  In  the  other,  and  observe  the  lamps.    The  connection  wUoh 
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gives  the  least  light  ia  the  correct  one.  The  reason  for  this  ia 
that  when  the  battery  ia  connected  to  the  lines  in  the  proper 
direction  the  battery  voltage  opposea  the  line  voltftge  and  the 
voltage  on  the  lamps  is  equal  to  the  di&erenee  beween  the  two, 
whereas  when  the  battery  ia  connected  the  wrong  way  the 
voltage  of  the  line  and  that  of  the  battery  added  together  and  the 
lamps  will  be  more  than  usually  bright.  After  the  poaitive  side 
of  the  line  has  been  determined  it  should  be  marked  on  the 
switches  so  it  does  not  have  to  be  found  every  time  it  ia  desired 
tth  charge. 

Another  method  of  finding  the  positive  side  of  the  line  ia  to 
place  tbe  two  wires  to  be  eounected  to  the  battery  into  a  vessel 
with  slightly  acidulated  or  salted  water,  at  some  distance  apart. 
Supposing  the  switch  to  be  closed,  the  two  wires  will  give  ofF  gas 
bubbles,  and  the  one  giving  off  the  least  gas  is  tbe  positive  wire 
and  should  be  connected  to  the  positive  terminal  of  the  battery. 

PART  U 
Toting  Equipment 

The  sudden  advent  of  electrical  equipment  otber  than  that 
required  for  engine  ignition,  some  four  to  five  years  ago,  con- 
fronted motor  car  repairmen  with  problems  quite  new  to  them. 
Of  course,  there  had  been  a  certain  amount  of  electrical  equip- 
ment on  motor  cars  from  the  very  beginning,  but  there  is  lit- 
tle comparison  between  the  simple  ignition  system,  especially 
the  high-tension  magneto  system,  with  its  minimum  of  exposed 
wiring,  and  the  rather  complicated  system  of  wiring  for  a  com- 
plete set  of  electric  lamps,  electric  horn,  starting  motor,  electric 
ignition  and  a  self-contained  electric  generating  system.  The 
puzzling  nature  of  many  electrical  troubles  was  foreseen  by  some 
of  the  pioneers  of  the  industry,  and  its  realization  gave  rise  to 
the  argument  against  electric  ignition,  voiced  by  Levaasor  among 
others,  that  on  a  gasoliue  motor  car,  everything — including  igni- 
tion— should  be  accomplished  by  gasoline.  Levassor  and  fol- 
lowers, however,  proved  to  be  wrong  in  this  contention,  as  elec- 
tricity has  not  only  won  a  complete  victory  in  the  Ignition  field 
but  also  has  found   several  other   important  applications. 

In  the  case  of  electrical  troubles  the  main  thing  is  a  qnick 
and  correct  diagnosis.    The  trouble  nt&y  be  in.  any  of  the  major 


,;ilc 


476 


AUTOMOBILE  ELECTEICAL  SYSTEMS 


parts  of  the  S7atem  or  it  ma}'  be  in  the  wiring.  The  nature  of  the 
trouble  often  partly  locates  it,  at  least  approximately.  For  in- 
stance, if  a  single  lamp  will  not  burnj  the  trouble  must  be  either 
in  the  bulb,  socket  or  wiring  of  that  lamp.  It  cannot  be  in  tbe 
battery,  the  generator  or  the  appurtenances  of  the  generating 
system,  because  any  fault  in  these  parts  would  affect  all  the 
lamps  alike.  Similarly,  if  the  starting  motor  refuses  to  crank 
the  engine,  the  trouble — if  the  engine  can  be  turned  by  hand — 
may  be  in  the  starter,  its  wiring,  the  switch,  the  battery  or  the 
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generating  system  of  the  lamps  burn  properly,  the  trouble  is 
not  with  the  battery  or  generating  system,  and  this  test,  there- 
fore, limits  the  necessary  search  to  the  starter,  the  switch  and 
the  wiring. 

To  properly  diagnose  electrical  troubles,  it  is  necessary  to 
have  a  certain  number  of  testing  instruments.  For  battery  tests 
the  most  important  is  the  battery  hydrometer.  Fig.  337.  For 
convenience  in  battery  testing,  the  hydrometer  generally  is  placed 
inside  a  syringe  or  siphon  by  which  a  certain  amount  of  electro- 
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lyte  can  bo  withdrawn  quickly  from  each  cell  of  the  battery  and 
as  quickly  reBtored.  The  syringe  conaiatB  of  a  substantially 
cylindrical  glass  vesael  with  a  spout  at  the  bottom  for  inseition 
into  the  buttery  filling  hole  and  a  rubber  bulb  at  the  top.  By 
compressing  this  bulb,  then  inserting  the  spout  into  the  battery 
cell  below  the  level  of  the  electrolyte  and  then  releasing  the  bulb, 
sufficient  electrolyte  can  bo  drawn  into  the  syringe  to  float  the 
hydrometer.  The  latter  is  an  instrument  for  determining  the 
specific  gravity  of  a  liquid.  It  is  based  on  the  physical  law  that 
a  floating  body  displaces  as  much  liquid  as  is  equal  to  its  own 
weight.  As  the  hydrometer  has  a  definite  weight,  if  the  liquid 
in  which  it  is  immersed  is  relatively  light,  it  will  sink  Into  it  to 
a  greater  depth,  thus  displacing  a  greater  volume  of  it  than  if 
the  liquid  is  relatively  heavy. 

The  stem  of  the  hydrometer  is  graduated  to  show  the  specific 
gravity  of  the  liquid  in  which  it  is  immersed,  at  the  level  of  the 
liquid.  Pure  water  has  a  specific  gravity  of  1.000  and  pure 
sulphuric  acid  has  a  specific  gravity  of  about  1.85.  The  extreme 
range  of  specific  gravity  of  storage  battery  electrolyte  is  about 
1.100  to  1.300.  As  the  charge  in  the  battery  increases  during 
the  proeesa  of  charging,  the  density  of  the  electrolyte  increases, 
and  vice  versa,  as  the  charge  decreases  during  the  process  of 
discharge,  the  density  of  the  electrolyte  decreases.  At  full  charge 
the  density  of  the  electrolyte  is  about  1.280,  and  when  a  battery 
is  completely  discharged,  the  density  is  about  1.J20.  When  the 
density  is  midway  between  these  figures,  the  battery  contains  a 
half  charge. 

The  simplest  indication  of  a  current  fiowing  in  a  circuit  is  a 
spark  obtained  on  breaking  the  circuit  at  any  point.  A  storage 
battery  has  little  internal  reaistance  and  the  current  from  it 
usually  ia  sufficiently  intense  to  give  a  clearly  visible  spark  when 
the  circuit  is  broken.  This  method  can  be  applied  in  various  ways 
to  determine  whether  or  not  a  circuit  is  faulty. 

Ammeter  and  Voltmetar 

An  ammeter  and  a  voltmeter  are  handy  instruments  for  trac- 
ing electrical  troubles.  Reasonably  accurate  instruments  can  be 
purchased  now  at  comparatively  low  prices  and  in  the  hands  of 
a  man  with  some  electrical  knowledge  are  a  great  help.  For 
instance,  with  every  ayatem  of  electrical  equipment  the  charging 
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current  at  certain  engine  speeds  'should  have  a  certain  value. 
Therefore,  an  ammeter  test  of  the  charging  current  at  a  given 
engine  speed  would  show  whether  or  not  an  electric  charging 
system  is  operating  as  it  should. 

It  may  here  be  explained  tbat  an  ammeter,  or  ampere-meter, 
shows  the  quantitj  of  current  in  amperes  flowing  in  a  circuit, 
while  a  voltmeter  shows  the  electrical  pressure  between  the  points 
to  which  the  voltmeter  is  connected.  An  ammeter  is  perhaps  of 
wider  use  in  diagnosing  troubles  than  a  voltmeter.  To  be  able  to 
properly  use  these  instruments,  the  operator  has  to  be  familiar 
with  their  method  of  connection.  To  measure  the  current  flowing 
in  any  circuit,  the  circuit  is  opened  at  any  point  and  the  ammeter 
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Fig.  339 — Arrangtment  t>S  lout-voltage  testing  iamp 

is  inserted  at  the  break.  On  the  other  land,  if  it  ia  desired  to 
determine  the  voltage  active  in  the  circuit,  the  voltmeter  must 
be  conneeted  differently.  The  highent  measurable  voltage  in  a 
circuit  is  at  the  terminals  of  the  current  snuree,  such  as  the 
battery.  Therefore,  to  measure  the  voltage  of  the  battery,  the 
two  binding  posts  of  the  voltmeter  are  connected  to  the  two 
terminals  of  the  battery  respectively.  Some  voltmeters  and  am- 
meters are  polarized,  that  is,  they  have  their  binding  posts  marked 
plus  and  minus  respectively,  and  these  binding  posts  must  be 
connected  to  the  corresponding  sides  of  the  circuit.  With  other 
types  of  instruments,  it  does  not  matter  which  way  they  are 
connected   in   circuit. 

For  determining  and  locating  troubles  in  the  wiring  and  parts 
of  electric  systems,  use  is  made  of  one  or  the  other  of  a  variety 
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of  devices  giving  either  a  visible  or  an  audible  signal  when  a 
current  flows  through  them.  These  include  incandescent  lamp 
bulba,  bells,  buzzers  and  telephone  receivers.  The  bulba  may 
be  of  the  regular  house  lighting  variety,  110-volts,  and  current 
from  the  service  mains  may  be  used.  In  that  case  it  is  prefer- 
able to  use  carbon  filament  bulbs,  as  these  will  withstand  more 
vibration  than  tungsten  filament  bulbs,  and  though  they  take 
more  cnrrent,  this  is  of  no  consequence  because  the  current  used 
for  testing  is  insignificant  in  any  case. 

The  testing  lamp  is  arranged  as  illustrated  in  Fig.  338.  One 
of  the  two  strands  of  the  cord  leading  to  the  lamp  is  cut,  usually 
close  to  the  lamp,  and  to  each  end  thus  obtained  is  soldered  a 
length  of  lamp  cord  4  to  6  ft.  long,  the  soldered  joints  being 
carefully  taped  with  adhesive  tape  as  used  by  electricians,  to 
prevent  them  from  coming  in  metallic  contact.  The  other  ends 
of  these  two  wires  are  wrapped  around  and  soldered  to  steel  rods 
or  spikes  about  6  in.  long,  whose  free  ends  are  ground  to.  a  sharp 
point.  The  parts  near  the  joint  of  the  wire  to  the  rod  is  heavily 
taped,  partly  to  form  an  insulating  handle  for  the  operator  and 
partly  to  prevent  localization  of  bending  at  the  junction,  which 
would  result  in  an  early  break.  The  object  in  providing  the  rods 
with  sharp  points  is  to  permit  an  exceedingly  high  pressure  in 
proportion  to  the  area  of  contact  being  obtained,  which  will  in- 
sure metallic  contact  in  spite  of  any  film  of  oxide  or  dirt  with 
which  the  metal  surfaces  may  be  covered. 

Instead  of  using  current  from  service  mains  and  110-volt  bulbs, 
current  from  a  low-voltage  battery,  such  as  an  ignition  or  ear 
lighting  storage  battery,  or  a  dry  cell  battery,  may  be  used,  to- 
gether with  a  iow-voltage  lamp  or  bulb.  The  arrangement  is 
substantially  the  same  as  in  the  previous  case,  the  outfit  includ- 
ing the  battery,  the  tamp  and  a  pair  of  contact  pins,  besides  the 
necessary  wiring,  as  shown  in  Fig.  339. 

A  dry  cell  battery  of  five  cells  is  somewhat  more  convenient 
for  this  work  than  a  storage  battery,  mainly  on  account  of  its 
lower  weight  but  also  on  account  of  its  greater  cleanliness. 
Though  modern  storage  batteries  are  practically  non-slopping,  the 
dry-cell  battery  has  absolutely  no  free  electrolyte,  which  is  bet- 
ter. A  dry-cell  battery  also  is  better  adapted  than  a  storage  bat- 
tery to  the  service  of  furnishing  momentary  currents  Bt  more  or 
less  extended  intervals,  because  it  deteriorates  leu  rapidly  dux- 
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ing  periods  of  non-uae.  Of  course,  where  current  is  required  more 
or  less  continuouslj  and  in  considerable  quantity,  the  storage  bat- 
tery has  the  advantage. 

Some  testers  prefer  devices  that  give  an  audible  indieation, 
and  in  tbia  cIbbb  belong  the  bell  and  buzzer.  Fig.  340,  on  the  one 
hand,  and  the  telephone  receiver  on  the  other,  Fig.  341.  The 
handiest  form  of  the  latter  type  of  instrument  is  the  head  re- 
ceiver as  used  by  telephone  operators  at  telephone  Bwitchboarda. 
It  has  the  advantage  that  it  does  not  have  to  be  held  in  the  hand 
and  leaves  both  hands  free  for  manipulating  the  test  points  and 
making  and  undoing  connections.  Whether  a  bell,  buzzer  or  tele- 
phone receiver  is  used  to  indicate  current  flow,  a  battery  must  be 
provided  to  furnish  the  operating  current.  A  couple  of  dry 
cells  will  give  a  clearly  audible  signal  with  any  of  these  devices. 


Fig.  840— fluraer  U»t  ttt 

Current  indicators  giving  an  audible  indication  are  preferable 
to  lamps,  especially  where  continuous  testa  have  to  be  made,  as 
in  testing  out  the  different  sections  or  coils  of  an  armature.  In 
bright  daylight  an  incandescent  lamp  lighting  up  does  not  strongly 
impress  the  eye,  and  if  the  testing  points  are  moved  quickly  from 
one  section  to  anether,  the  observer  is  apt  to  fail  to  notice  the 
light  signal.  Another  consideration  is  that  the  operator  has  to 
have  his  eyes  on  the  points  when  establish^g  contact  and  then 
must  look  at  the  bulb  to  see  whether  it  is  lighted  up,  whereas 
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with  an  aadible  sigaaliug  device  lie  ueed  not  remove  his  ejea 
from  the  contact  points. 

Because  of  the  low  voltage  of  the  batteries,  the  testing  devices 
described  are  not  well  suited  in  ease  a  fairly  high  degree  of  in- 
sulation is  required.  It  is  then  better  to  use  a  testing  magneto. 
-  This  b  nothing  more  or  lesa  than  a.  telephone  magneto  with  a 
bell  and  with  two  lengths  of  cords  with  test  pins  attached.  Fig. 
342.  The  magneto  is  cranked  bf  hand  and  gives  a  very  high 
voltage  which  will  force  a  current  through  poor,  connections  or 
leakage  paths.  Such  a  testing  magneto,  if  much  testing  has  to 
be  done,  should  be  operated  by  two  persons,  a  boy  turning  the 
crank  while  the  tester  manipulates  the  teat  points. 
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Fig.  342 — Tetting  magneto 
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Partial  List  f>f  Testing  Apparatn* 

Hydrometer  syringe.  Fig.   337. 

Testing  lamp,  using  current  from  aerviee  mains.  Fig.  338. 

Testing  lamp,  using  battery  current,  Fig.  339. 

Testing  buzzer,  Fig.  340. 

Testing  ielephone,   Fig.   341. 

Testing  magneto,  Fig.  342. 

PART  ni 

Classifficatioii  of  Trodbles — Simple  Tests 

Eleotricai  troubles  may  be  either  in  the  major  parts  of  the 
electrical  equipment  oi  they  may  be  in  the  wiring  connecting  these 
parts.  There  are  essentially  four  classes  of  general  electrical 
troubles,  namely,  an  open  circuit,  a  short- circuit,  a  ground  and  a 
poor  connection,  which  latter  is  an  in«pient  form  of  open  cir- 
cuit An  open  circuit  is  a  circuit  with  a  break  or  interruption  in 
it  at  any  point.  Voltages  of  the  order  used  for  lighting  and  start- 
ing will  force  a  current  only  through  a  continuous  or  unbroken 
circuit  of  conducting  material.  If  the  circuit  is  open,  no  current 
can  flow.  The  most  familiar  forma  of  an  open  circuit  are  a  broken 
lamp  filament  and  a  burned  out  fu^e  Of  course,  the  term  "brok 
en  circuit"  usualy  is  applied  only  if  there  is  a  break  in  the  wir 
ing  outside  the  mi  in  parts  of  the  system  or  at  the  connections 
If  there  are  any  poor  connections  in  the  circuit,  the  result  is  that 
the  resistance  in  circuit  is  greater  than  it  should  be  and  the  cur 
rent  flow  will  be  reduced 

A  short  circuit  is  a  lerangement  of  the  wiring  or  other  parts 
of  the  circuit  which  allows  curr-ent  from  the  source,  that  is  to 
say,  fom  the  battery  or  generator  to  return  to  it  without  flowing 
through  (he  connecting  deuces  suih  as  the  lamps  A  complete 
short  circuit  presents  current  from  flowing  through  the  consum 
ing  deuce  For  instance,  if  the  two  wires  connetting  to  an  in 
candescent  lamp  are  bared  of  insulation  and  twisted  together 
where  thev  enter  the  lamp  socket,  no  current  can  flow  through 
the  bnib  A  complete  short  circuit  results  in  an  excessive  cur 
rent  flow  and  a  rapid  drain  of  the  battery,  if  not  the  fusing  of 
the  wires  A  partiil  short  circuit,  often  referred  to  as  a  leak, 
may  not  greatly  interfere  with  the  operation  of  the  consuming 
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devices  but  will  result  in  the  waste  or  loss  of  energy,  and  as  sucb 
is   objectionable. 

A  ground  is  a  metallic  connection  between  the  insulated  wiring 
of  the  circuit  and  the  metallic  inass  of  the  chassis  or  engine.  A 
distinction  must  here  be  made  between  the  two  wiring  systems 
used  in  connection  with  electrical  equipment,  the  ineulatod  re- 
turn system  and  the  ground  return  system.  With  an  insulated 
return  or  two-wire  system  a  ground  on  one  side  of  the  line  is 
not  immediately  harmful,  as  it  does  not  interfere  with  the  op- 
eration of  the  system.  No  battery  current  can  flow  into  the  frame 
of  the  car  or  engine,  because  there  is  no  return  path.  However, 
if  another  ground  should  develop  on  the  other  side  of  the  line, 
the  two  grounds  together  would  form  a  short  circuit  which  would 
drain  the  battery  and  deprive  the  part  to  which  the  grounded 
wires  are  connected  of  current.  For  this  reason  it  is  always 
desirable  to  keep  an  insulated  return  wiring  system  entirely  free  of 
grounds,  which  are  really  incipient  troubles.  In  the  case  of 
ground  return  wiring,  as  now  used  with  the  great  majority  of 
lighting  systems,  a  ground  on  the  insulated  line  is, really  a  short- 
It  must  not  be  understood  that  short -circnits,  open  circuits  and 
grounds  occur  only  in  the  wiring  of  a  ear.  They  may  also  occur 
in  the  different  parts  of  the  equipment.  It  already  has, been 
stated  that  burned-out  bulbs  and  blown  fuses  are  cases  of. open 
circuits,  and  there  are  plenty  of  chances  for  short-circuits  to 
develop  in  sueh  parts  as  the  generator  and  starting  motor. 

Suppose  it  is  suspected  that  there  is  a  short  in,  say,  the  lighting 
circuit.  This  can  be  tested  out  by  any  of  the  testing  outfits 
already  described.  When  all  the  bulbs  are  unscrewed  from  their 
sockets  no  current  should  flow  through  the  wires  connecting  to 
the  lamps,  and  if  a  current  does  flow,  it  proves  that  there  is  a 
short-circuit.  Therefore,  remove  all  of  the  bulbs  from  their  sock- 
ets, close  all  lamp  switches,  open  the  circuit  at  the  battery  by 
removing  one  connector  from  the  battery  terminal  and  touch 
the  test  points  to  the  connector  removed  and  the  other  battery 
terminal  as  indicated  in  Fig.  343.  We  will  assume  the  lights  are 
wired  on  the  insulated  return  principle,  or  two-wire.  Then  if  the 
test  lamp  lights  up  when  contacts  are  made  as  described,  it 
proves  that  current  can  flow  from  one  side  of  the  circuit  to  the 
other  though  all   of  the  bulbs  are  removed;   consequently,  there 
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must  be  &  short-circuit  somewhere  on  the  line.  To  loeate  the 
exact  position  of  the  trouble  requires  additional  tests  which  will 
be  described  further  on. 

To  determine  whether  there  is  a  ground  on  the  circuit,  all  the 
bulbs  should  be  left  in  place,  t!ie  lamp  switches  turned  on  and 
the  two  test  points  connected  respectively  to  any  bare  part  of 
the  circuit  and  a  part  of  the  frame.  The  connections  are  shown 
in  Fig.  344.  If  there  is  no  ground,  no  current  can  flow  through 
the  lamps,  and  it  will  not  light.  Now  suppose  there  is  a  ground 
at  A.  Then  the  test  lamp  will  light  up'  and  the  path  of  the  test 
current  easily  can  be  traced.  It  does  not  matter  whether  or  not 
the  ground  is  on  that  side  of  the  lighting  circuit  to  which  the 


test  point  ia  toached,  the  test  lamp  will  light  up  in  either  case. 
The  location  of  the  ground  also  calls  for  either  a  careful  inspec- 
tion of  the  whole  line  or  (or  farther  teats. 

Open  circuits  always  manifest  themselves  in  an  unmistakable 
manner.  For  instance,  if  there  is  a  break  in  a  lamp  circuit,  the 
lamp  cannot  burn.  If  the  break  is  in  one  of  the  main  wires,  of 
course  all  the  lamps  will  go  out,  whereas  if  the  break  is  in  one 
of  the  branch  circuits,  only  the  lamp  or  lamps  on  that  particular 
branch  will  become  extinguished.  Thus  some  indication  as  to  the 
location  of  the  (rouble  is  furnished  by  its  effects. 
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About  the  only  teat  that  needs  to  be  made  on  tbe  batter;  is 
the  hydrometer  test.  Normally  thia  showa  the  state  of  charge  of 
each  cell.  Failure  of  the  battery  to  maintain  its  charge  is,  of 
course,  responsible  for  a  great  many  difficulties.  A  battery 
cannot  keep  its  charge  unlesa  it  is  kept  filled  with  electrolyte  to 
the  topa  of  tbe  plates.  No  fresh  electrolyte  needs  to  be  added, 
however,  as  all  loss  by  evaporation  consists  solely  of  water. 
Therefore,  if  the  electrolyte  does  not  cover  the  plates,  distilled 
water  should  be  added  uatil  the  plates  are  completely  covered. 
There  is,  of  course,  a  bart  possibility  of  s 
ing  lost  by  a  cell,  as  by  failure  of  the  test 
trolyte  withdrawn  for  making  an  hydrometer  test.  To  make  a 
conclusive  test  as  to  the  density  of  the  electrolyte,  the  battery 


e  sulphuric  acid  fa 
r  to  replac 


riff.  844— Jfethod  0/  tefttng  f- 


should  be  charged  and  the  charging  operation  continued  at  a 
moderate  rate  until  three  or  four  successive  hydrometer  tests 
at  intervals  of  10  minutes  show  no  further  increase  in  the  density 
of  the  electrolyte.  Then  the  battery  is  completely  charged.  Dif- 
ferent battery  makera  are  somewhat  at  variance  as  to  the  density 
which  should  be  indicated  under  this  condition,  but  1.280  to  1.300 
is  a  good  average  figure.     If  the  hydrometer  shows  less,   remove 
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Bome  of  the  electrolyte  with  the  syringe  and  replace  with  ulectro- 

lyte  of  extra  Btrength.    If  it  shows  more,  replace  with  distilled 

water. 

Some  precautious  must  be  observed  in  malting  hydrometer  tests 
to  be  sure  of  accurate  results.  Beadinga  never  should  be  taken 
immediatety  after  distilled  water  has  been  added  to  the  cells,  as 
it  is  most  unlikely  that  the  water  added  is  diatributcd  uniformly 
throughout  the  old  electrolyte.  Make  a  teat  before  adding  the 
water  and  again  after  the  water  has  been  added  and  the  battery 
charged.  It  is,  of  course,  not  suOIcient  to  make  a  test  of  one  cell 
only  and  take  it  for  grunted  that  the  condition  of  the  others  is 
the  same.  Each  cell  should  be  tested  separately.  To  avoid  omis- 
sions, it  is  well  always  to  start  with  the  cell  at  the  positive  end 
of  the  battery  and  lest  all  cells  consecutively,  returning  the  elec- 
trolyte drawn  from  any  cell  to  that  same  cell.  In  taking  the 
reading,  it  is  well  to  sec  that  the  hydrometer  does  not  contact 
with  the  wall  of  the  syringe  but  floats  centrally  therein  so  as  not 
to  impair  the  accuracy  of  the  indication. 

The  hydrometer  test  only  shows  the  state  of  charge  of  the  bat' 
tery.  It  is  desirable  always  to  have  the  battery  as  near  to  the 
state  of  complete  charge  as  consistent  with  the  conditions  of  cur- 
rent demand,  because  battery  elements  deteriorate  least  when 
fully  charged.  When  a  bnltery  is  chronically  in  a  state  of  un- 
dercharge, it  may  be  due  to  a  fault  in  the  battery,  due  to  ezceB- 
sive  current  demand,  due  to  conditions  of  operation  aSmitting 
of  little  charging  or  due  to  derangement  in  the  circuits  or  the 
charge  control  aystem.  The  most  common  fault  in  the  battery 
is  sulphated  plates,  which  can  be  detected  by  inspection.  A 
norma!  positive  plate  when  the  cell  is  charged  has  a  chocolate 
brown  color,  but  when  sulphated  the  plate  has  a  grayish  color. 
The  sulphates  can  be  reduced  by  repeatedly  clinrging  and  dis- 
charging the  cell  at  a  very  low  rate.  Lead  anlplinte  when  not 
disturbed  for  some  time  hardens  and  prevents  circulation  of  the 
electrotype,  with  the  result  that  charging— which  means  the  re- 
duction of  the  sulphate  to  spongy  lead  and  lead  oxide — can  pro- 
ceed only  at  a  very  slow  rate. 

Open   circuita   and   short-circuits   are   also   possible   in   storage 

Jatteriea.     An  open  circuit  most  likely  would  be  due  to  a  cor- 

^^^-^  terminal  and  a  short-circuit  to  a  large  collection  of  acdi- 

"^aching  to  the  lower  edge  of  the  plates  and  bridging  seme. 
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The  former  can  be  iletertrf  by  a  careful  inspection;  the  latter 
will  be  indicnted  by  an  abBolute  failure  of  a  cell  to  bold  S  charge, 
aa  shown  bj  a  hydrometer  or  a  voltmeter  test. 

Occaaionallj  a  generator  fails  to  pich  up,  that  is,  to  start  to 
generate.  This  ia  generally  due  to  poor  electrical  contact  be- 
tween the  commutator  aiul  the  brushes.  This  in  turn  may  be 
duo  to  dirt  on  the  commutator,  a  rough  commutator,  insufficient 
spring  pressure  on  the  brushes,  etc.  The  simplest  test  ia  to  press 
the  brushes  down  on  the  commutator  by  hand.  In  case  the  trou- 
ble ia  with  the  brushes,  this  may  cause  the  generator  to  pick 
up,  as  with  iiicroasing  pressure  on  the  brushes  the  brush  contact 
resistance  decreases.  A  permanent  re[iair,  of  course,  involves 
the  elimination  of  the  cause  of  the  trouble. 

If  the  commutator  ia  very  rough,  it  should  bo  turned  down  In 
the  lathe  and  sandpapered.  If  it  is  merely  dirty,  sandpapering 
alone  will  do,  while  if  the  spring  pressure  is  too  amall,  which  is 
probably  due  to  the  brushes  being  nearly  worn  out,  the  latter 
should  be  replaced.  Of  course,  failure  to  pick  up  may  be  due  to 
other  and  more  serious  causes,  such  as  a  break  in  the  field  cir- 
cuit, a  burucd-out  armature,  etc.  The  geueratur  field  readily 
can  be  tested  by  a  teat  lamp  or  test  bell,  by  disconnecting  it  from 
tlie  generator  icrmlnals.  If  the  lamp  lights  or  the  bell  rings 
when  the  test  points  are  touched  to  the  end  of  the  field  winding, 
it  shows  that  there  is  no  break  in  the  field  circuit,  and  if  the  test 
lamp  fails  to  light  up  or  the  bell  to  ring  when  one  test  point  is 
.  touched  to  a  part  of  the  field  winding  and  the  other  to  the  frame 
of  the  car,  it  shows  that  there  is  no  ground  in  the  field  circuit. 

One  method  of  testing  out  a  generator  that  will  not  pick  ap 
ia  to  remove  its  driving  connection,  so  it  can  rotate  independently 
of  the  engine  crankshaft,  and  then  close  the  automatic  switch 
or  battery  cutout  by  hand.  This  connects  the  generator  to  the 
battery  and  causes  it  to  act  as  a  shunt  motor.  If  poor  brush  con- 
tact was  the  cause  of  its  failure  to  pick  up,  this  would  not 
prevent  its  operation  as  a  motor,  as  the  battery  voltage  will 
easily  force  enough  current  through  the  brushes  to  cause  the 
armature  to  revolve.  If  there  is  nothing  wrong  with  either 
the  field  winding  or  the  armature,  the  generator  should  turn 
over  at  about  the  lowest  speed  at  which  it  will  charge  the  bat- 
tery when  driven  by  the  engine — just  a  trifie  lower  than  this. 
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PART  IV 

Tcstiiig  Out  Complete  Circuitt 

If  an  ammeter  is  available  and  the  tester  has  any  data  re- 
gardiog  the  Dormal  performance  of  the  STstem  under  test,  it  ean 
be  used  to  advantage  in  locating  the  fault.  Moat  makers  of 
electrical  equipment  iasue  and  publish  in  their  catalogs,  or  in- 
struction books,  Bo-calied  generator  output  or  charging  curves, 
showing  the  number  of  amperes  the  generator  will  send  into  the 
battery  at  different  speeds  of  revolution.  If  such  a  curve  is  at 
hand,  or  if  the  normal  charging  rate  at  a  definite  generator  speed 
is  known,  the  ammeter  can  be  used  to  determine  whether  the 
generator  is  delivering  ita  proper  charging  current.  Inasmuch 
as  the  charging  current  with  most  syatema  above  a  certain  mini- 
mum generator  speed  ia  substantially  constant,  it  does  not  mat- 
ter very  much  at  what  generator  speed  the  reading  is  taken,  pro- 
vided it  ia  above  the  minimum  speed  referred  to.  This  mini- 
mum apeed  of  the  generator  at  which  charging  begins  corresponds 
to  a  certain  car  apeed  on  the  high  gear,  usually  about  7  or  S 
m.p.h.,  and  the  tester  may  be  able  to  tell  from  the  sound  of  the 
engine  whether  it  is  running  at  a  apeed  above  that  at  which 
charging  begins.  The  charging  circuit  then  ia  opened  at  the 
battery  and  the  ammeter  is  inserted  in  the  circuit  at  this  point. 
All  lamps  are  turned  off.  A  reading  then  is  taken  of  the  charg- 
ing current,  and  if  it  agree's  with  the  generator  output  diagrams, 
there  is  nothing  the  matter  with  the  generator,  its  control  mech- 
anism and  wiring. 

In  that  case,  the  trouble,  if  the  battery  will  not  hold  its  charge, 
muat  be  in  the  distributing  circuits  or  in  the  battery  itself.  A 
similar  teat  can  be  made  of  the  lamp  load.  Generally  the  current 
consumed  with  all  the  lights  turned  on  is  given  in  the  descrip- 
tive matter  of  the  equipment  makers.  If  it  cannot  be  found,  it 
can  be  calculated  fairly  accurately  from  the  voltage  and  candle- 
power  of  the  lamp. 

Supposing  the  lighting  equipment  to  operate  at  S  volts  and  the 
lamps  to  be  of  the  tungsten  filament  vacuum  type,  the  head- 
lamps will  consume  each  about  1/3  ampere  per  candlepowei  and 
the  small  lamps  about  Vo  ampere  per  candlepower. 

Thus  if  there  are  two  15 -candlepower  headlights,  two  4-can- 
dlepowei  side  lamps  and  one  each  '2 'candlepower  tail  and  dash- 
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lamp,  the  total  current  consumption  when  all  are  turned  on  should 
be  7.4  amperes.  If  the  current  consumption  is  greatei,  it  may 
bo  due  to  bulbs  of  high  candlepower  being  used  bj  mistake  or 
to  a  ahoTt-circuit  or  leak  on  the  line.  If  the  current  is  smaller 
than  it  should  be,  it  may  be  due  to  some  lampa  not  burning  or  to 
the  use  of  bulbs  of  too  low  candlepower  or  of  high-efficiency  bulbs. 
If  some  lamps  are  not  burning,  this  may  be  due  to  a  broken 
filament,  to  the  bulb  being  loose  in  the  socket,  to  ft  burned-out 
fuse  or  to  a  broken  wire  or  connection. 

It  is,  of  course,  entirely  unnecessary  to  make  a  test  with* 
instruments  requiring  disconnections  in  the  circuits,  to  find  out 
that  a  lamp  does  not  bum.  Usually,  if  a  single  lamp  fails  to 
light  up,  it  is  due  either  to  ft  broken  filament,  a  bulb  loose  in 
tbe  socket  or  a  fuse  blown  out.  If  a  lamp  fails  to  light  up  when 
the  switch  is  closed,  see  whether  it  is  tight  in  the  socket.  If  it 
is  not,  screwing  it  home  probably  will  cause  it  to  light  up.  On 
the  other  hand,  if  it  is  tight  in  the  socket,  the  filament  probably 
is  broken,  which  readily  is  proved  by  substituting  a  new  bulb 
known  to  be  in  good  condition.  Often  the  wire  connections  at 
tbe  lamps  come  loose,  and  if  neither  a  loose  bulb  nor  a  broken 
filament  is  found  it  is  well  to  inspect  these  connections  carefully. 
In  the  ease  of  a  ground  return  or  single-wire  system,  with  all  tbe 
sockets  grounded  on  one  side,  it  is  well  to  test  the  gronnd  of  tbe 
faulty  lamp  by  making  a  connection  with  a  screwdriver  or  a 
length  of  wire  from  the  lamp  terminal  to  ground,  a  bright  part 
of  the  frame.  If  this  causes  the  lamp  to  light  up  it  shows  the 
ground  connection  to  be  faulty, 

A  frequent  cause  of  failure  of  lamps  to  light  np  is  a  fuse  burned 
out.  Fuses  are  safety  devices  inserted  in  practically  all  elec- 
trical circuits.  They  are  the  safety  links  which  give  out  first 
in  case  of  excessive  currents  due  to  short-circuits  or  other  causes, 
thus  protecting  the  rest  of  the  circuits  against  injury.  The  type 
of  fuse  most  commonly  used  in  motor  car  circuits  is  the  so-called 
cartridge  fuse,  which  consists  of  a  short  length  of  glass  tube 
with  brass  ferrules  at  both  ends,  these  ferrules  being  connected 
metallically  by  a  lead  wire  inside  the  glass  tube.  The  complete 
fuse  is  pressed  between  brass  clips  on  the  fuse  block.  These  fuse 
blocks  are  located  in  different  positions  on  different  makes  of  cars, 
but  they  always  are  to  be  found  somewhere.  If  a  fuse  is  blown 
due  to  a  short-circuit,  as  soon  as  another  fuse  is  inserted  it,  too, 
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blows.  Therefore,  before  inserting  another  fuse  it  ia  well  to  test 
for  a  short-eircuit.  Fuses  occasionaUy  bum  out  in  regular  aervice 
or  as  a  result  of  momentary  short -circuits,  each,  for  instance,  as 
occasioned  hj  working  on  junction  blocks,  etc.,  with  a  screw- 
driver while  the  current  ia  on. 

The  quickest  way  to  test  for  a  blown  fuse  in  a  lamp  circuit  is 
to  turn  the  lamp  snitch  on  and  then  place  the  blaile  of  a  screw- 
driver across  the  fuse  clips.  If  the  lamp  lights  up  with  the  fuse 
clips  bridged  by  the  screwdriver  and  does  not  without  it,  the  fuse 
is  burned.  If  there  happened  to  be  a  short-circuit  on  the  line,  this 
test  will  be  accompanied  by  violent  sparking  at  the  fuse  clips, 
OT,  as  a  repairman  would  say,  by  a  display  of  fireworks. 

In  trying  to  locate  either  a  grouhd,  an  open  circuit  or  a  short- 
circuit  in  a  wiring  system  it  is  advisable  to  divide  the  aystem  into 
its  various  elements  or  circuits.  A  typical  wiring  system  is  illus- 
trated in  Pig.  345.  There  are  only  two  wires  connecting  to  the 
battery,  and  these,  therefore,  carry  all  the  current  that  flows  into 
or  out  of  the  battery,  whether  it  is  charging  current  or  whether 
it  is  battery  current  for  starting  or  for  lighting.  It  will  be  seen 
that  this  is  a,  two-wire,  or  insulated  return,  wiring  system,  and  a 
test  for  a  ground  can  be  made  merely  by  touching  test  points  to 
any  bare  part  of  the  wiring  and  a  bright  spot  on  the  metallic  mass 
of  the  chassis  respectively. 

We  will  assume  now  that  a  general  test  of  the  wiring  is  to  be 
made.  Bach  of  the  lamp  circuits  begins  at  the  lamp  switch.  The 
headlamp  circuit  ends  at  1,  though  from  5  to  1  the  wire  carries 
both  battery  current  for  the  headlamps  and  charging  current  for 
the  battery — alternately,  of  course,  not  simultaneously.  To  make 
a  test  of  the  headlamp  circuit  the  generating  system  must  be 
disconnected  from  It,  and  this  probably  can  be  done  best  by 
loosening  the  connection  at  the  minus  terminal  of  the  cutoat. 

Now  with  the  test  points  touching  the  ends  of  the  headlamp  circuit 
at  point  7,  at  the  lamp  switch  and  at  point  1.  If  the  test  lamp 
lights  up  or  the  test  bell  rings,  the  headlamp  circuit  is  complete, 
that  is,  there  is  no  open  circuit.  Now  remove  the  bulbs  from  the 
headlamp  sockets  and  make  another  test  with  the  test  points  in 
the  same  way.  If  current  flows,  it  shows  a  short  in  the  headlamp 
circuit.  To  locate  a  ground,  touch  one  of  the  test  points  to  the 
ends  of  the  headlamp  wires,  first  at  1  and  then  at  7,  while  the 
other  test  point  ia  connected  to  ground,  that  ia,  aome  bright  spot 
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of  the  frame,  etc.  If  a  sigaal  JB  obtained,  it  ehoTrs  not  011I7  a 
ground  in  the  headlight  wiring  but  also  the  side  of  the  headlight 
circuit  on  which  the  ground  is  located. 

The  testa  thua  deBcribed  show  any  fault  in  the  wiring  leading 
to  the  two  headlamps.  If  a  fault  thus  is  found  to  exist,  it  should 
be  attempted  to  locate  it  by  a  careful  inspection  of  the  wiring. 
There  ia,  of  course,  a  possibility  of  determiniug  by  electrical  tests 
still  more  cloaely  the  location  of  the  fault,  as  by  disconnecting 
the  wiring  for  one  lamp  from  that  for  the  other,  at  3  and  4,  and 
testing  the  wiring  for  each  lamp  aeparatcly.  However,  unless  ab' 
Bolutely  necessary,  no  permanent  joints  in  the  wiring  should  be 
opened.  Usually  the  wiring  system  can  be  divided  sufficiently 
by  undoing  the  bolted  or  binding  post  joints  at  the  switch,  junc- 
tion box,  etc.  Thua,  for  instance,  if  the  joint  2  in  the  diagram 
ia  a  permanent  joint,  the  circuit  can  be  opened  at  the  ammeter  a 
little  farther  along  the  line  to  the  headlamps. 

The  dash  lamp  circuit  begins  at  9  at  the  lamp  a  wit  eh  and  ends 
at  11  on  the  battery  main.  The  taillight  circuit  is  connected  to  it  at 
12,  and  this  connection  must  be  broken  if  it  is  desired  to  make  tests 
of  thfl  dashlamp  circuit  separately.  The  tests  are  exactly  the  same 
as  those  for  the  headlamp  circuit  and  need  not  be  described 
specially.  The  tail  light  circuit  begins  at  6  at  the  lamp  switch  and 
ends  at  12. 

That  part  of  the  circuit  which  carriea  current  from  the  gen- 
erator to  the  battery  only  begins  at  2  and  ends  at  5.  This  circuit, 
when  the  generator  is  not  running,  ia  interrupted  in  the  cutout  and 
if  it  is  desired  to  make  a  test  of  the  whole  circuit  for  shorts, 
breaks,  etc.,  the  cutout  should  be  held  closed  by  hand.  Also,  if 
2  and  5  are  permanent  joints,  the  tests  can  be  made  between  13 
and  14, 

There  remains  only  the  starter  circuit  to  be  tested.  As  a  rule, 
this  containa  only  short  lengths  of  very  heavy  wire,  and  it  ia 
easier  carefully  to  inapect  every  part  of  it  than  to  disconnect  it 
completely  from  all  other  circuits  and  mate  electrical  testa.  If 
the  inspection  fails  to  locate  the  fault,  an  electric  test,  however, 
can  be  made  as  a  last  resort. 

In  making  the  different  testa  described  with  the  aid  of  a  wiring 
diagram  it  is  well  to  check  off  the  individual  circuits  on  the  dia- 
gram as  they  are  tested.    lu  this  way  one  can  be  much  more  cer- 
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tain  that  he  baa  covered  every  part  of  the  system  when  the  test 
ia  ended. 

ir  there  is  a  break  somewhere  in  a  cireuitj  by  a  test  lamp  or 
bell  the  particular  section  of  the  circuit  in  which  the  break  ia 
located  easily  can  be  found.  Suppose  the  circuit  has  been  isolated 
from  the  rest  of  the  wiring  system.  Place  one  test  point  on  the 
end  of  one  side  of  the  circuit  at  the  point  farthest  from  the  lamp 
or  other  consuming  device,  "With  the  other  test  point  touch  the 
first  exposed  point  on  the  same  side  of  the  circuit  toward  the 
consuming  device.  If  the  test  lamp  does  not  light  up,  the  break 
is  in  this  section;  if  it  lights  up,  this  section  is  intact,  and  the 
test  point  should  be  moved  to  the  neit  exposed  point,  and  so  on 
alt  around  the  circuit.  When  a  point  is  reached  where  the  teat 
lamp  shows  no  light,  the  break  is  in  the  section  between  this 
point  and  the  point  touched  immediately  previously. 

Appljring  this  to  the  charging  circuit  of  the  wiring  system  illus- 
trated in  Fig.  345,  one  test  point  may  be  connected  to  point  5  of 
the  system  and  the  other  teat  point  would  be  touched  firat  to  point  ^ 
14.  Probably  the  teat  lamp  would  light  up.  Next  it  would  be 
touched  to  the  negative  terminal  of  the  generator  with  aay,  the 
same  result;  next  to  the  positive  terminal  of  the  generator  with 
the  same  reaalt;  next  to  point  15  with  the  same  result;  next  to 
point  16,  when  it  wonid  show  no  current  flow.  The  break  in  the 
circuit  then  would  be  between  points  15  and  16  and  probably  would 
ba  due  solely  to  the  open  cutout,  which  is  not  a  fault  but  a  natural 
condition.  In  this  connection  it  must  be  remembered  that  between 
points  14  and  15  there  are  two  paths  for  the  current,  namely, 
through  the  generator  and  through  the  shunt  coil  or  fine  wire  coil 
of  the  cutout.  Therefore,  to  make  the  test  conclusive,  the  wire 
should  be  removed  from  terminal  15  while  this  terminal  is  touched 
— to  test  the  shunt  coil  of  the  cutont — and  while  the  test  wire 
Is  touched  to  the  two  terminals  of  the  generator  and  to  the  end  of 
the  wire  removed  from  15  respectively. 

One  test  of  a  faulty  starter  is  as  follows:  Switch  on  all  the 
lamps,  cloae  the  starter  switch  and  observe  the  behavior  of  the 
lamps.  If  there  is  no  effect  on  the  lamps,  it  sbowa  that  no  current, 
01  only  a  very  small  current.  Hows  through  the  starter,  so  that 
not  enough  turning  effort  to  crank  the  engine  could  be  expected. 
On  the  other  hand,  if  the  lamps  grow  appreciably  dim  as  the 
starter  awitch  is  closed,  it  shows  that  a  heavy  current  flows  into 
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ignition  sTstem,  in  charging  the  storage  bfitterj,  etc.  In  each  ease 
the  electrical  energy  delivered  Ly  the  generator  is  trBosfonned  into 
some  other  form  of  energy.  For  example,  in  the  ignition  system, 
the  electrical  energy  is  trauefornied  into  beat  energy  in  the  spark 
between  the  points  of  the  spark  plugs  which  is  of  sufficient  inten- 
sity to  raise  the  gas  around  it  to  the  ignition  point  and  as  a  re- 
sult the  gas  mixture  in  the  cylinder  is  exploded.  In  the  ease  of 
the  storage  battery,  the  greater  part  of  the  electrical  enefgy 
delivered  by  the  generator  is  transformed  into  chemical  energy  in 
the  battery  and  aa  a  result  the  battery  is  said  to  become  charged. 
The  frame  of  the  generator  foe  the  F.  A.  electrical  system  ia 
made  from  a  piece  of  wrought  iron  pipe  having  an  outside  diameter 
of  approximately  4.5  inches  and  an  inside  diameter  of  approxi- 
mately 3.0  inches.  The  length  of  the  frame  ia  approximately  4,5 
inches.  The  generator  has  four  poles  and  these  are  formed  by 
bolting  four  pole  pieces  inside  the  frame  by  means  of  flat  headed 
machine  screws  which  pass  through  the  frame  and  into  the  pole 
pieces.  The  complete  generator  is  shown  in  Fig.  346.  The  screws 
shown  at  S  are  the  ones  holding  the  pole  pieces  in  place. 

Each  of  the  four  pole  pieces  is  provided  with  a  single  field  coil 
which  is  wound  on  a  special  form,  taped  and  impregnated  with  in- 
sulating varnish  and  then  placed  on  the  field  core  before  the  core 
is  bolted  in  place.  The  projections  from  the  pole  pieces  serve  to 
hold  the  field  coils  in  place  after  the  pole  pieces  are  bolted  to  the 
frame  or  yoke  of  the  machine.  The  four  field  coils  are  connected 
in  series  in  such  a  manner  that  the  pole  pieces  are  alternately  of 
north  and  south  polarity  around  the  armature.  The  connections 
between  the  various  field  coils  are  soldered  and  taped  with  an  in- 
sulating tape.  The  resistance  of  the  complete  field  winding  at 
room  temperature  ia  approximately  3.0  obms. 

The  general  features  of  the  armature  are  practically  the  same 
as  used  in  standard  practice.  There  are  21  slots  in  the  armature 
core,  and  21  segments  in  the  commutator.  The  winding  is  made 
from  cotton  covered  enameled  wire  which  is  held  in  the  slots  by 
wedges  of  insulating  material  driven  in  the  top  of  the  slots  after 
the  winding  is  in  place. 

The  armature  is  mounted  in  suitable  ball  bearings  which  in  turn 
are  carried  by  end  bracketa  bolted  to  the  generator  frame,  as 
shown  in  Pig.  34S.  The  front  end  bracket,  that  is,  the  onq  toward 
the  front  end  of  the  car  when  the  generator  is  mounted  on  the  on- 
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giue,  IB  a  flat  iron  disk  having  aa  outside  diameter  equal  to  the 
outside  diameter  of  the  generator  frame  and  a  pocket  in  its  canter 
containing  the  ball  bearing  for  the  Hrmature  shaft.  This  flange 
IB  fastened  to  the  end  of  the  generator  frame  bj  means  of  nix 
cap  sfTews  shown  at  B.  in  Pig.  .146.  There  are  three  threaded 
holes  in  the  ontside  face  of  the  flange  into  which  the  cap  s^^rews 
used  in  mounting  the  generator  on  the  engine  housing  are  screwed. 
The  rear  bracket  is  a  cup  xhapeil  piece,  and  it  carries  the  rear 
ball  bearing  and  the  ring  upon  which  the  brushes  are  mounted. 
This  bracket  is  fastened  to  the  rear  end  of  the  generator  frame 
b7  means  of  cap  screws  shown  at  F  in  Fig.  346.  There  are  fonr 
openings  in  the  cylindrical  portion  of  this  bracket  through  which 
the  commutator,  brushes,  wiring  and  general  operation  of  the  gen- 
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erator  may  be  eiamined.  Those  openings  are  closed  by  means  of 
a  sheet  iron  cover  which  slips  over  the  bracket  and  is  held  in  place 
by  two  small  screws,  shown  at  A.  in  Fig.  346. 

The  armature  winding  is  of  the  wave  type  and  only  two  main 
brushes  are  required  for  conducting  the  current  delivered  to  the 
external  circuit  to  and  from  the  commutator.  These  two  brushes 
are  mounted  on  the  underside  of  the  commutator  as  shown  dia- 
grammatically  in  Fig.  347.  The  upper  brush  shown  in  the  figure 
ie  called  the  third  brush  sa  the  output  of  the  generator  is  con- 
trolled by  means  of  the  "Third  Brush"  principle.  This  third 
brash  is  connected  to  one  terminal  of  the  field  winding  and  the 
other  terminal  of  the  field  winding  is  connected  to  the  main  brush 
of  negative  polarity  as  shown  in  the  figure.  The  brush  holder  for 
the  main  negative  brush  is  riveted  direct  to  the  meUl  brush  ring 
wkioh  U  in  eltctrical  contact  with  the  end  braekat  thut  grounding 
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tbe  negative  termiaal  of  the  generator.  Tlie  brush  holder  for  the 
positive  brush  is  monuted  on  a  small  strip  of  insulation  and  this 
atrip  is  riveted  to  the  bniah  ring  thus  keeping  the  positive  brush 
from  making  electrical  connection  with  the  frame  of  the  generator. 
The  brush  holder  for  the  third  brush  is  mounted  on  the  brush 
ring  in  such  a  manner  that  it  may  be  moved  around  the  com- 
mutator  a  short  distance  by  first  loosening  the  nut  on  the  bolt 
supporting  the  holder  and  moving  the  holder  to  the  desired  posi- 
tion and  then  tightening  the  nut.  The  bolt  holding  the  brush 
holder  passes  through  a  piece  of  insulation  which  is  riveted  to  the 
brush  ring  and  in  which  there  is  a  slot  cut  thus  allowing  the  bolt 
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Fif.  348.— Sedion  and  end  tknalian  of  generator. 

to  be  moved  a  distance  around  the  commutator  corresponding  to 
the  length  of  the  slot. 

The  main  brush  ring  is  fastened  to  the  end  bracket  by  being 
elamped  between  a  small  ring  and  the  end  bracket,  the  small  ring 
being  drawn  against  the  end  bracket  by  means  of  four  screws 
which  pass  through  the  bracket  from  the  outside  through  notches 
in  the  brush  ring  and  into  the  small  clamping  ring.  The  notches 
in  the  main  brush  ring  permits  thfl  ring  being  moved  around  the 
commutator  a  short  distance  so  as  to  take  care  of  'hrush  adjust- 
ment. 

AH  three  of  the  brushes  are  of  carbon,  the  two  main  ones  are 
appiozlmatvlr  }{-lnoh  b^  ^•inoh  by  Jj-lnoh  and  the  third  bnub 
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is  approximately  3/16  inch  by  ^^-imch  by  J^-inch.  Electrical  con- 
nection is  made  from  the  brusbea  to  the  bmah  holders  by  means 
of  Qezible  copper  pigtails  which  ere  securely  faeteneil  to  the 
brushes  and  the  brush  holders.  A  longitudinal  section  and  a  cross 
section  of  the  generator  are  shown  in  Fig.  348. 


fig.  3SQ.—Oeiural0r  in  parU. 

The  brushes  are  held  firmly  on  the  coramatatoT  by  means  of 
spiral  springs  made  from  fiat  spring  steel.  One  end  of  each  of 
these  springs  is  mounted  in  a  slot  in  a  stud  on  the  brush  holders 
and  the  other  end  bears  on  the  end  of  the  brashes,  see  Fig.  348. 
The  positive  main  brush  is  connected  to  an  insulated  terminal  on 
top  of  the  generator  as  shown  diagrammatic  ally  in  Fig.  347. 


—.  t,uioiit  man  be  mounteden  top 

pfl  of  Iht  generator  ergnVit  daih 


Fif.  351 . — Diofram  <^  teneralor 

A  phantom  view  of  the  complete  generator  is  given  in  Pig, 
349  and  all  of  the  principal  parts  are  Hhown  in  the  exploded  view 
given  in  Fig.  330. 

The  generator  is  installed  on  the  right-hand  side  of  the  engine 

and  at  the  front  end.    Three  cap  screws  pass  through  the  cngina 

front  end  cover  and  into  the  three  holes  in  the  front  end  bracket 

'   -f  th«  g«n«Tfttoi.    Tha  Joint  b»tw«en  th«  «nd  braoket  of  tlia  genor- 
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ator  and  cDgiue  cover  ia  provided  with  a  paper  gaaket  lo  prevent 
oil  leaka. 

The  generator  is  driven  by  means  of  a  pinion  mounted  on  the 
end  of  the  armature  shaft  as  shown  in  Figa.  346  and  348,  which 
engages  with  the  large  timer  gear.  There  are  16  teeth  in  the 
pinion  and  24  in  the  timer  gear  so  the  generator  runa  at  one  and 
one  half  times  engine  apeed. 

The  relation  between  engine  speed  for  different  gears,  miles  per 
hour  of  the  car  and  generator  apeed  ia  given  in  the  following  table. 

Rdation  Between  Engine  Speed  for  DifForent  Gean, 
Miles  per  Hour  of  Car  and  Gaierat<«'  Speed 


of  Car   High        Low     Eeverse    Speed       High        Slow        Reverse 


163 

447 

651 

244 

305 

833 

1318 

203 

559 

813 

305 

381 

1047 

1523 

244 

671 

976 

365 

457 

1267 

1823 

285 

783 

1139 

437 

533 

1466 

3132 

325 

895 

1301 

488 

609 

1675 

366 

1006 

1464 

549 

685 

1S86 

407 

1118 

1627 

610 

762 

2094 

610 

1677 

2440 

915 

1142 

813 

2236 

1220 

1523 

1017 

1525 

1904 

1230 

1830 

U2S 

2135 

1627 

2440 

1830 

2745 
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Engine  Speed  Data 

Model  T  Model  TT 

30  inch  diameter  wheel,  revolution  per  mile 072.27 

3S  inch  diameter  wheel,  revolution  per  mile 630.25 

Gear  ratio  on  high  speed 3.63-1  7.25-1 

Gear  ratio  on  slow  speed 9.981  19.93-1 

Gear  ratio  on  reverse 14.52-1  29.     -1 

Bevolutions  of  engine  per  mile  on  high  speed—  2440.34  4569.31 

Eevolutions  of  engine  per  mile  on  slow  speed—  6709.25  12565.70 

Bevolutions  of  engine  per  mile  on  reverse 9761.36  18277.25 

MPH   of  car  equals  engine  speed   in   RPM  on 

high  speed  when  multiplied  by 40.67  76.16 

MPH   of  car  equals   engine   speed   in   BPM   on 

slow  speed  when  multiplied  by 111.82  209.42 

MPH  of  ear  equals  engine  speed  in   BPM  on 

reverse  when  multiplied  by 182.68  304,62 

Batio   of  crank   shaft   to   drive   shaft   on   slow 

speed  2,75-1  2,75-1 

Batio  of  crank  shaft  to  drive  shaft  on  reverse  '  4.-1  4.-1 

The  front  bearing  of  the  generator  is  lubricated  by  means  of  oil 
which  spashes  from  the  timer  gear.  The  rear  bearing  is  lubricated 
bj  oil  supplied  through  a  specially  constructed  oil  cup  mounted  at 
the  end  of  the  bearing,  as  shown  in  Fig.  346- 

The  value  of  the  current  delivered  by  the  generator  is  regulated 
by  means  of  the  "Third  Brush"  system  of  regulation.  The  field 
winding  is  connected  between  the  third  brush  which  rests  upon 
the  upper  side  of  the  commutator  and  the  negative  main  brush 
which  is  grounded.  The  value  of  the  current  delivered  by  the 
generator  may  be  increased  by  moving  the  third  brush  in  the 
direction  of  rotation  and  conversely  the  current  output  may  be 
decreased  by  moving  the  third  brush  in  the  opposite  direction  to 
the  direction  of  rotation.  It  is  best  to  connect  an  ammeter  in  the 
circuit  when  an  adjustment  in  the  current  delivered  by  the  gen- 
erator is  being  made.  The  ammeter  may  be  connected  in  the  maiik 
circuit  leading  from  the  generator  as  shown  diagrammatieatly  in 
Fig.  351.  Before  attempting  to  make  any  adjustment  in  the  value 
of  the  current  delivered  by  the  generator  be  sure  that  the  com- 
mutator is  in  good  condition,  that  the  brushes  are  making  goad 
electrical  contact  with  the  commutator,  that  all  connections  in  the 
generator  circuit  are  O.  K.  particularly  the  cutout  contacta,  battery 
connections   and   the   ground   connection   from   the  battery.     The 
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voltage  of  tb«  batteiy  abould  be  normal,  tbat  is,  there  should  be 
no  broken  down  cells  or  bigh-iesi stance  cells  io  the  battery- 
Assaming  the  electrical  circoit  is  in  first  class  condition,  with  the 
exception  of  the  position  of  the  third  brash,  then  yon  may  proceed 
as  follows:  Bun  the  engine  at  approxijnatelj  800  revolutions  per 
minute  and  move  the  third  bmsh  to  the  position  giving  the  desired 
value  of  current.  The  engine  shonld  then  be  run  at  different  speeds 
BO  as  to  be  sure  th&t  the  valne  of  the  current  does  not  exceed  the 
allowable  value.  It  is  advisable  to  sandpaper  the  undersnrface  of 
the  third  bmsh  after  the  brush  baa  been  placed  in  its  final  poaition 
and  a  final  cbeek  made  on  the  generator  outfit. 

The  third-brush  system  of  control  causes  the  cnrrent  output  of 
tbe  generator  to  increase  up  to  a  certain  speed  and  then  the  current 
output  starts  to  decrease  in  valoe.  Tbe  speed  of  the  F.  A.  gener- 
ator for  maximum  current  output  is  approximately  1200  revolutions 
per  minute  which  corresponds  to  a  car  speed  in  high  gear  of  approx- 
imately 20  miles  per  hour.  A  maximum  charging  current  of  10  to 
12  amperes  will  meet  the  average  driving  conditiona. 

(b)    The  Storage  Battery 

The  storage  battery  is  composed  of  three  cells  and  ia  known 
commercialty  as  a  six-volt  sixty-ampere  hour  battery.  The  larger 
part  of  the  electrical  energy  delivered  by  the  generator  ia  stored  in 
the  storage  battery  in  the  form  of  chemical  energy  which  is  re- 
transformed  into  electrical  energy  when  tbe  battery  is  called  upon 
to  operate  tbe  starting  motor,  Ignition  system,  lamps,  etc. 

In  the  earlier  Installations  the  storage  battery  was  mounted  in 
a  box  on  the  left  running  board,  while  in  later  cars  the  battery  is 
under  the  left  rear  floor  boards.  It  is  carried  in  a  framj  made 
from  fiat  Iron  bars,  and  held  down  by  two  fiat  pieces  which  press 
down  on  the  wooden  containing  case  at  tbe  ends,  the  pieces  being 
held  in  place  by  thumb  screws. 

(c)     Cutout 

The  connection  between  the  generator  and  the  storage  battery 
cannot  be  a  permanent  one  as  tbe  storage  battery  would  discharge 
through  the  armature  of  the  generator  whenever  the  electrical 
pressure  in  the  armatuTe  of  the  generator  happened  to  ba  less  than 
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tli«  electiical  presaure  of  the  battery.    The  dischuge  cnrrent  from 

the  storage  batteiy  will  incieSHe  in  value  as  the  electrical  preasure 
of  the  generator  decreaees  iu  value.  When  the  geoerator  armature 
is  standing  still  there  is  no  electrical  pressure  induced  in  the  wind- 
ing and  the  diecharge  current  from  the  battery  throngh  the  gen- 
erator will  have  its  maiimnm  value.  A  device  called  the  cutout 
is  introduced  in   the  circuit  connecting  the   generator  and  the 


Generalor  Terminal 


Cutout 


Vvj.  352.— Contptde  oteioi  iia/pan,  vrAv^jiq  eaUivt  draatt. 

storage  battery  whose  function  is  to  prevent  the  needless  discharge 
of  the  battery  under  the  conditions  described  above. 

The  operation  of  the  cutout  can  be  understood  by  tracing  the 
circuita  as  shown  diagrammatically  in  Fig.  3S2.  The  winding  A 
of  the  cutout  is  called  the  shunt  or  voltage  winding  aa  it  is  con- 
nected across  the  terminals  of  the  generator  and  its  circuit  may  be 
traced  as  follows:  Starting  with  the  positive  terminal  of  he  gen- 
erator you  can  trace  along  the  main  lead  to  the  frame  of  the  cutout, 
then  through  the  winding  A  to  the  ground  connection,  then  through 
the  ground  to  the  negative  terminal  of  the  generator  and  through 
the  armature  winding  to  the  positive  terminal  thus  completing  the 
electrical  circuit,    Aa  the  voltage  generated  in  the  armature  in- 
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creases  in  value,  there  tcUI  be  an  increaiie  id  the  value  of  the 
curreDt  in  the  winding  A.  The  current  in  the  winding  A  producos 
a  magnetic  pull  on  the  armature  of  the  cutout  and  when  this  pall 
haa  reached  a  value  sufficient  to  overcome  the  action  of  the  spring 
holding  the  armature  away  from  the  iron  core  of  the  cutout  the 
armature  will  move  toward  the  core  and  as  a  resnlt  the  contacts 
at  C  wUl  close.  As  soon  as  the  contacts  at  C  close  a  second  circuit 
will  be  completed  from  the  positive  terminal  of  the  generator 
through  the  winding  D  on  the  cutout,  through  the  ammeter  to  the 
positive  terminal  of  the  battery,  through  the  battery  to  the  nega- 
tive terminal  of  the  generator,  through  the  armature  winding  of 


Figi.  3S3  and  351— Tho  Igpe*  (^  aaiomiiU  em-ovi  tn  dtagram. 

the  generator  to  the  psitive  terminal  thus  completing  the  circuit 
The  current  will  flow  in  the  above  circuit  in  the  direction  that  the 
circuit  was  traced  through  provided  the  voltage  of  the  generator 
axroeds  the  voltage  of  the  storage  battery.  The  adjustment  of 
the  spring  holding  the  armature  of  the  cutout  away  from  the  core 
may  be  made  in  sucK  a  manner  that  the  armature  of  the  cutout 
iB  not  drawn  down  and  the  contacts  C  closed  until  the  voltage  of 
the  generator  exceeds  the  voltage  of  the  battery.  The  connections 
of  the  windings  A  and  D  are  such  that  they  both  produce  magnet- 
izing actions  in  the  same  diroctions  while  tbe  generator  is  charg- 
ing the  battery.  The  pull  on  the  armature  is  therefore  increased 
as  soon  as  the  contacts  at  C  are  closed  due  to  tbe  pull  produced  by 
tb«  ohugiiig  earrent  paudng  through  th«  ■•riei  winding  £,  and  la 
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addition  the  pull  is  further  incTWeed  due  to  the  f&ct  that  aa  soon 
as  the  armature  moves  nearer  the  iron  core  of  the  cutout  the  air 
gap  IB  decreased  and  the  same  current  in  the  windings  will  produce 
a  greater  magnetic  effect.  Now  if  the  pressure  of  the  generator 
decreases  in  value  there  will  be  a  decrease  in  the  current  in  both 
of  the  windings  A  and  D.  When  the  generator  pressure  is  exactly 
equal  to  the  pressure  of  the  battery  there  will  be  no  current  in  the 
winding  D.  There  will  be  a  smaller  current  id  the  winding  A  than 
was  originallj  required  to  close  the  cutout,  but  due  to  the  smaller 
air  gap  the  smaller  current  in  the  winding  A  will  keep  the  contacta 
closed.  A  further  decrease  in  generator  pressure  results  in  the 
battery  starting  to  discharge  and  also  a  slight  decrease  in  the 
value  of  the  current  in  the  winding  A.  The  currents  in  the  two 
windings  are  now  producing  magnetizing  actions  in  the  opposite 
directions  and  finally  the  magnetic  pull  on  the  armature  is  do 
longer  ample  to  overcome  the  action  of  the  spring  tending  to  draw 
the  armature  away,  and,  as  a  result,  the  armature  moves  away  and 
the  contacts  at  C  are  separated  thus  disconnecting  the  battery  from 
the  generator.  A  larger  current  will  be  required  in  the  winding 
A  to  again  draw  the  armature  over  and  as  a  result  the  contacts 
will  remain  separated  until  the  voltage  of  the  generator  has  built 
up  to  a  sufficient  value  so  that  it  produces  enough  current  in  the 
winding  A  to  draw  the  armature  over  and  close  the  contacts  at  C 

Two  different  types  of  cutouts  have  been  used  with  the  F.  A. 
system.  On  a  great  many  cars  the  cutout  is  mounted  on  the  engine 
side  of  the  dash  board  and  on  the  right  side.  There  are  three 
terminals  on  the  base  of  the  cutout  as  shown  in  Fig.  353.  The 
two  outside  terminals  are  insulated  from  the  base  ^nd  they  are 
marked  "Gen."  and  "Bat."  respectively.  The  middle  contact  is 
not  marked  but  it  corresponds  to  the  ground  connection.  In  mount- 
ing the  cutout  on  the  car  it  is  grounded  to  an  iron  strip  projecting 
up  from  the  frame  of  the  car. 

The  second  type  of  cutout  is  mounted  on  top  of  the  generator 
housing  as  shown  diagrammatic  ally  in  Fig.  354.  The  electrical 
clrcnits  of  the  cutout  are  identical  to  those  shown  in  Fig.  352,  the 
only  difference  in  the  two  being  in  their  meehanieal  construction 
and  arrangement. 
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CHAPTER  XXX 

F.  A.  Starting  and  Lighting  System  for 
Ford  Cars 

A  LAEQB  percentage  of  the  Ford  cars  are  at  the  present  time 
^*-  being  equipped  at  the  factory  ■wih  a  specially  designed 
starting  and  ligbtiag  aystem.  This  ajstem  has  been  developed  to 
meet  the  particular  lequiremonts  of  the  Ford  car  and  the  neces- 
sary changes  in  the  engine  housing  have  been  made  by  the  Ford 
Co.  so  as  to  accommodate  the  syetem  in  the  best  way  possible. 
The  system  is  known  commercially  as  the  F.  A.  Starting  and  Light- 
ing System,  the  initials  being  those  of  the  engineer  designing  the 

Conqvcmrat  ParU  ot  the  F,  A.  Starting  and  l.igl«tf«g 
Ssrrtem 

(&)  Qenerator 

(b)  Storage  Battery 

(c)  Cutout  , 

(d)  Ammeter 

(e)  Starting  Motor 

(f)  Starting  Switch 

(g)  Lamps 

(h)  Combination  Switch 

(i)  CoDuecting  Leads 

FvncticHi  and  Description  of  Each  of  the  GxnpoiMnt 
Parts  of  the  F.  A.  Electrical  Syston 

(a>  The  Generator 
The  generator  is  a  machine  for  converting  mechanical  energy 
into  electrical  energy.  The  mechanical  energy  is  produced  by  the 
gas  engine  and  it  is  in  turn  transferred  to  the  generator  through 
a  suitable  train  of  gears,  chain,  belt  or  other  suitable  mechanical 
connecting  link.  The  electrical  energy  delivered  by  the  generator 
nay  be  used  in  operating  the  lamps  on  the  ear,  in  operating  the 
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The  dimenBiona  of  the  frame  and  end  brackets  of  the  F.  A. 
starting  motor  are  practically  the  same  as  those  of  the  generstoT 
which  has  been  fully  described.  The  chief  difference  is  in  the 
construction  of  the  end  bracket  at  the  drive  end  of  the  motor. 
This  bracket  is  fastened  to  the  frame  of  the  motor  by  six  cap 
screws.  A  side  view  of  the  complete  starting  motor  is  shown  in 
Pig.  356. 

The  armature  has  21  slots  and  there  are  21  segments  in  the 
commutator. 

Ball  bearings  are  not  used  in  the  construction  of  the  starting 
motor.  The  front  bearing  is  made  from  a  brass  or  bronze 'bnshing; 
and   the   back   bearing   is  made  from   a  ■bushing   of  soft   bearing 


GkOUNUES  BRUSH 

Fig.  357. — Circnit  Hagram  qf  Uarler. 

metal.  The  bearing  next  to  the  flywheel  is  lubricated  by  oil 
splashed  from  the  flywheel  and  the  other  bearing  is  not  lubricated 
at  all. 

Each  of  the  four  field  poles  carries  a  heavy  field  coil  and  these 
field  coils  are  connected  in  aeries  as  shown  diagrammatically  in 
Pig.  357.  There  is  not  insulation  on  the  joints  between  the  field 
coils  and  care  should  be  exercised  to  see  that  the  bare  copper  does 
not  come  into  contact  with  the  motor  frame  when  repairs  are 
being  made  on  the  motor.  The  motor  is  of  the  series  typo,  that  is 
the  field  windings  are  connected  in  series  with  the  armature. 
Instead  of  all  four  coils  being  connected  in  series  in  a  single 
circuit  they  are  grouped  in  two  circuits  of  two  coils  each.  Each 
of  the  positive  brushes  of  the  motor,  there  being  two,  is  connected 
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to  one  terminal  of  each  of  these  groups  and  the  remaining  term- 
Inala  are  both  connected  to  the  insulated  terminal  on  top  of  the 
motor  B9  ahoivn  in  Fig.  357. 

The  motor  is  provided  vith  four  composition  brushes  arranged 
as  shown  diagrammatically  in  Fig.  357.  These  brushes  are  each 
approximately  J^-inch  by  J^-inch  byj^-inch.  The  two  negative 
bmshes  are  mounted  in  brush  holders  which  are  riveted  direct 
to  the  brush  ring  and  are  therefore  grounded  to  the  frame  of  the 
motor  as  the  brush  nog  is  not  insulated  from  the  frame  of  tho 
motor.  The  two  positive  brushes  are  mounted  in  brush  holders 
which  are  insulated,  from  the  brush  ring  by  mounting  them  on 
email  strips  of  iusulation  which  are  in  turn  riveted  to  the  brush 


Fig.  358. — End  devaHon  and  ledum  of  ilarier. 

ring.  The  brushes  are  electrically  connected  to  their  holders  by 
means  o(  two  heavy  copper  pigtails.  The  brush  springs  are  very 
similar  to  those  used  on  the  generator.  They  are  of  the  spiral 
type  and  made  from  flat  spring  steel,  one  end  ia  fastened  in  a 
slotted  stud  which  ia  part  of  the  brush  holders  and  the  other  or 
free  end  rests  on  top  of  the  end  of  the  brush. 

The  metal  ring  upon  which  the  brush  holders  is  mounted  is 
riveted  to  the  end  bracket  nr  housing  of  the  motor  by  means  of 
four  rivets  and  the  brushes  cannot  be  moved. 

A  longitudinal  and  cross-section  of  the  F.  A.  motor  are  shown 
in  Fig.  35S.  The  arrangement  of  the  brushes,  brush  holders,  etc. 
are  quite  clearly  shown  in  this  figure.     A  phantom  view  of  the 
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motor  BhowQ   in   Fig.   359,   and  an   exploded   view  of  the   various 
parts  is  shown  in  Fig.  360. 

The  starting  motor  is  located  on  the  left-hand  side  o(  the  ungmo 
and  at  the  rear.  It  is  fastened  to  the  flywheel  cover  by  means  of 
four  bolts  wbi^^h  pass  through  holes  in  the  comers  of  the  back 
end  bracket.  The  power  produced  by  the  motor  is  transmitted  to 
the  egine  by  means  of  a  Bendix  drive  pinion  which  meshes  with 
a  rin^  gear  mounted  on  the  flywheel  of  the  engine.  A  cut-away 
view  of  the  Bendix  drive  is  shown  in  Fig.  ,S61.  The  drive  pinion 
is  mounted  on  a  hollow  screw  shaft,  and  it  will  move  along  this 
shaft  if  it  is  held  from  turniitg  and  the  shaft  la  rotated.  When 
a  current  is  established  in  the  armatnre  and  field  windings  of  the 
starting  motor  its  armature  will  start  to  revolve.  The  rotation 
of  the  armature  shaft  causes  the  hollow  screw  shaft  to  rotate  as 
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it  is  connected  to  the  end  of  the  armature  shaft  by  means  of 
the  drive  spring  one  end  of  which  is  attached  to  the  drive  head 
and  the  other  end  is  connected  to  the  screw  shaft.  The  weight 
and  inertia  of  the  pinion  tends  to  prevent  its  turning  with  the 
hollow  screw  shaft  and  as  a  result  it  moves  lengthwise  along  the 
screw  shaft  and  becomes  engaged  with  the  teeth  in  the  ring  gear 
on  the  flywheel.  When  the  pinion  meshes  with  the  ring  gear  it 
continues  to  move  along  the  screw  shaft,  until  it  comes  into  con- 
tact with  the  stop  nut  and  then  starts  to  turn  the  ring  gear  una 
eraak  the  engine.  When  the  engine  starts  under  its  own  power, 
it,  of  course,  runs  faster  than  it  was  being  cranked  by  the  start- 
ing motor  and  the  pinion  on  the  screw  shaft  is  driven  faster  than 
the  screw  shaft  is  turning.  As  a  result  the  pinion  moves  length- 
wise along  the  screw  shaft  until  it  is  out  of  mesh  with  the  gear 
on  the  fly  wheel.  The  peculiar  construction  of  the  device  canses 
the  pinion  to  clutch  the  threaded  shaft  and  it  then  rotates  with 
the   threaded   ihaft    until   the    armature    of    the    itarting   motor 
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ceases  to  rotate,  due  to  the  opening  of  the  electrical  circuit 
anpplying  it  with  current. 

By  reference  to  the  view  sbown  in  fig.  361,  and  the  above  des- 
cription it  is  seen  that  the  driving  torque  of  the  armature  is 
transmitted  to  the  driving  pinion  by  means  of  a  torsion  or  drive 
spring,  which  not  only  cushions  the  blow  in  starting  the  cranking 
of  the  engine,  but  also  stores  up  some  energy  due  to  the  running 
start  while  the  gears  are'meshing,  and  then  returns  this  energy 
in  actually  breaking  the  engine  loose.  The  moat  difficult  part  of 
cranking  an  engine,  especially  in  cold  weather,  is  starting  the 
engine  to  rotate  from  stand-etitl. 

Should   the    driver   accidently   close   the  starting   motor   circuit 
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while  the  engine  is  runaing  do  harm  will  result,  as  the  pinion  will 
rotate  on  the  hollow  threaded  shaft  until  it  touches  the  edge  of 
the  flywheel  when  it  will  immediately  rotate  in  the  direction  of 
the  threaded  shaft  but  a  little  faster  thus  carrying  it  along  the 
threaded  shaft  away  from  the  flywheel  in  exactly  the  same  manner 
as  thought  it  was  being  demeshed  by  the  engine's  starting. 

The  various  parts  of  the  drive  are  made  with  large  factors  of 
safety  bo  as  to  take  care  of  the  unusual  strains  they  will  be  sub- 
jected to  in  the  case  of  a  backfire.  Such  an  occurrence  is  not  likely 
to  happen,  but  it  is  advisable  to  protect  the  starting  system  by 
retarding  the  spark  when  starting. 

There  are  10  teeth  on  the  motor  pinion  and  120  on  the  ny- 
wheel,  which  results  in  the  motor  running  twelve  timeg  as  fut 
as  the  engine.  ,  .  , 
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(f)     Starting  Switch 

The  funetioQ  of  the  starting  switch  is  to  provido  a  conTouicnt 
means  of  connecting  the  starting  motor  to  the  storage  batter; 
when  it  is  desired,  to  have  the  starting  motor  crank  the  engine. 
The  switch  is  mounted  on  the  floor  board  in  front  of  the  driver's 
seat  in  such  a  position  that  It  maj  be  operated  hy  tbe  heel  of  the 
driver's  right  foot.  The  main  bod7  of  the  switeh  is  on  the  under- 
side of  the  floor  board  and  it  is  operated  by  a  round  plnnger 
which  extends  vertically  through  a  hole  in  tbe  floor  board  and 
projects  a  short  distance  above  the  upper  surface  of  tbe  board. 
Tbe  switch  is  closed  by  pushing  down  on  the  plunger  with  the  heel. 
A  view  of  tbe  completed  switch  is  shown  in  Fig.  362,  and  a  croas 
section  is  shown  in  Fig.  363.  The  switch  is  held  in  the  open  posi- 
tion by  means  of  a  compression  spring,  which  also  serves  to  open 
the  switch  when  tbe  beel  is  removed  from  f&e  plunger  cap. 

The  detaUed  construction  of  the  switch  is  quite  clearly  shown 
in  Fig.  363.  Tbe  main  housing  is  made  in  ..two  parts  which  are 
held  together  by  two  flat  headed  screws.  Two  contact  terminals 
are  secured  to  tbe  lower  half  of  the  bousing  and  tbey  form  tbe 
main  terminals  of  the  switch.  These  two  con  tact -terminals  are 
connected  together  electrical  when  the  switch  is  closed  by  a  short 
metal  bus  bar  mounted  on  the  lower  end  of  the  plunger  shaft. 

(g)     Lamps 

Each  of  tbe  two  headlamps  is  equipped  with  two  lamp  sockets. 
The  bright  headlights  are  6-6  volt,  17  candle  power  bulbs  and  tbe; 
are  mounted  in  sockets  in  the  center  of  the  reflectors.  The  dim. 
headlights  are  6-8  volt,  2-candle  power  bulbs  and  they  are  mount- 
ed in  lamp  sockets  in  tbe  upper  half  of  tbe  reflector.  The  tail 
lamp  is  6-8  volt,  2-candle  power  bulb.  There  is  no  cowl  or  dash 
lamp.  The  lamps  are  controlled  by  means  of  a  switch  mounted 
on  tbe  dash  of  the  car  within  eaay  reach  of  the  driver, 

(h)     Combination  Switch 

The  current  for  operating  the  lamps  and  tbe  ignition  system 
is  controlled  by  what  is  called  a  combination  switch  which  ia 
located  on  a  small  panel  alongside  the  ammeter  and  the  combiut- 
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tion  ia  mounted  on  the  dash  or  eowl  board  of  the  car.  The  switch 
is  BO  constructed  and  wired  that  current  for  the  lamps  is  drawn 
from  the  battery  when  the  engine  is  idle,  and  partly  from  tha 
battery  when  the  engine  is  operating  and  the  generator  is  deliver- 
ing current  until  the  value  of  the  current  delivered  by  the  gene- 
rator exceed  that  taken  by  the  lamps  and  the  ignition  system,  if 
the  Ignition  key  is  thrown  to  the  battery  position,  and  then  the 
generator  is  taking  care  of  the  lamps  and  ignition  and  also  charg- 
ing the  battery.  Current  for  opening  the  ignition  system  may 
be  taken  from  the  battery  or  from  the  magneto.  A  front  view  of 
the  switch  is  shown  in  Fig.  364. 


Figs.  3^  and  SQ5.-~Fronl  STvl rear  iiiaii  of  ligkUng  andigraHm  suntdi. 

The  lights  are  controlled  by  turning  the  switch  lever  so  that  the 
pointer  registers  with  the  indication  of  the  condition  as  desired; 
"Off,"  meaning  no  lights;  "Dim,"  meaning  dim  lights;  and 
"On"  meaning  bright  lights.  The  tail  light  burns  when  the  lever 
is  in  either  the  "On"  or  "Dim"  positions. 

The  ignition  circuit  is  controlled  by  inserting  a  key  in  the 
barrel  of  the  level  and  turning  the  key  so  its  position  registers 
with  the  indication  of  the  source  of  current  desired.  The  key 
is  shown  in  the  magneto  position  in  Fig.  364,  meaning  that  the 
ignition  current  is  being  supplied  by  the  magneto. 

The  terminals  on  the  back  of  the  switch  are  marked  to  indicate 
which  wires  should  be  attached  to  them.  A  rear  view  of  the 
switch  is  shown  in  Fig.  365. 
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(i)     Connecting  Leads  or  Wiring  ^ 

,'A  complete  wiring'  diagr&m  ia  abown  in  Fig.  366.  A  ver;  heftvj 
cable  leads  from  the  positive  terminal  of  the  battery  to  one  ler- 
minal  of  tbe  startiDg  switch  and  is  marked  in  tbe  figure  battery 
to  switch  wire,  A  second  heavy  cable  leads  from  the  remaining 
terminal  of  the  starting  switch  to  the  insulated  terminal  on  top 
of  the  starting  motor,  and  is  marked  in  the  figure  starting  switch 
to  motor  wire.  Another  heavy  short  cable  connects  the  negative 
terminal  of  the  battery  to  the  frame  of  tbe  car  aod  is  marked  in 
the  figure  battery  to  frame  ground  wire. 


Fig.  ie7.— Terminal  blodc. 

A  multiple  conductor  cable  composed  of  five  conductors  leads 
from  the  terminal  block  on  the  front  side  of  the  dash  to  the  lights, 
magneto  and  foot  switch.  A  view  of  the  terminal  block  is  shown 
in  Fig.  367.  The  five  wires  in  this  cable  have  different  colored 
insulations  and  they  make  the  following  connections.  Tbe  red 
wire  is  connected  to  the  left-hand  binding  post  on  the  terminal 
block  and  leads  to  the  magneto  terminal.  The  yellow  wire  is 
connected  to  the  second  binding  post  on  the  terminal  block  and 
leads  to  the  starting  switch  terminal.  The  green  wire  is  connected 
to  the  third  binding  post  on  the  terminal  block  and  leads  to  the 
tail  lamp.    The  brows  wire  ii  connected  to  the  fourth  btading  post 
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on  the  terminal  block  and  leads  to  the  large  lamp  in  the  left-ban^ 

iieadlight.     Tbe  gray  wire  is  connected  to  tbe  Afth  binding  post 

on  the  terminal  block  and  leads  to  the  small  lamp  in  the  left-hand 

headlight. 

The  following  connections  are  made  by  meanB  of  a  aii  con- 
ductor cable  from  the  instrument  board  to  the  terminal  block  and 
the  ignition  coil.  The  red  wire  is  connected  from  the  terminal  oa 
the  back  of  the  combination  switch  marked  "Mag"  to  the  left- 
hand  binding  post  on  the  terminal  block.  The  yellow  wire  con- 
nects from  one  temunal  on  the  ammeter  to  the  second  binding  post 
on  the  terminal  block.  The  green  wire  is  connected  from  the  term- 
inal on  the  back  of  the  combination  switch  markeiJ  "Rear"  to  the 
third  binding  post  on  the  terminal  block.  The  brawn  wire  is  con- 
nected from  the  terminal  on  the  back  of  the  combination  switeK 
marked  "T>"  to  the  fourth  binding  post  on  tbe  terminal  blocK. 
The  gray  wire  connects  from  the  terminal  on  the  back  of  tbe 
combination  switch  marked  "L  heads"  to  the  fifth  binding  post 
on  the  terminal  block.  The  black  wire  connects  from  the  terminal 
on  the  back  of  the  combination  switch  marked  "Coil"  to  the 
common  terminal  of  the  four  ignition  coiU. 

Another  six  conductor  cable  makes  the  following  connections. 
The  black,  red,  blue  and  green  wires  connect  from  the  distribntoT 
to  the  four  terminals  of  Jhe  ignition  coils.  Tbe  brown  wire  con- 
nects from  the  fourth  binding  post  on  the  terminal  bloci:  to  the 
large  lamp  in  the  rig^t-hand  headlamp.  The  gray  wire  connects 
from  the  fifth  binding  post  on  the  terminal  block  to  the  small 
lamp   in  the  right-hand  headlamp. 

A  single  black  wire  leads  from  the  terminal  on  the  cutout  to 
one  of  the  terminals  on  the  back  of  the  ammeter  and  from  thia 
same  terminal  on  the  ammeter  the  connection  is  extended  by  a 
piece  of  black  wire  to  the  terminal  on  the  back  of  the  combina- 
tion switch  marked  "Bat." 

A  black  wire  connects  from  the  first  binding  post  on  the  termi- 
nal block  to  the  horn  switch,  and  another  black  wire  connects 
from  the  horn  switch  to  the  horn. 

Four  high-tension  wires  lead  from  the  high-tension  terminals  of 
the  coils  to  the  spark  plugs  in  the  tops  of  the  four  cylinders.  Tho 
cylinders  are  numbered  consecutively  from  the  front  end  of  tho 
engine  toward  the  rear.    The  firing  order  is  one,  three,  four,  two. 
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Electrical  CircuiU 

The  principal  electrical  circuits  of  the  F.  A.  starting  and  light- 
ing ajstem  ma^  be  easily  traced  by  leference  to  the  wiring  dia- 
terminal  of  the  generator  you  pasa  through  the  cutout  contacts, 
gram  shown  in  Fig.  366. 

Charging  Circuit :  Starting  with  the  poeitive  or  nndergrounded 
terminal  of  the  generator  you  pass  through  the  cutout  contacts, 
when  they  are  closed,  along  the  black  wire  to  one  teiminal  of  the 
ammeter,  through  the  ammeter  and  along  the  yellow  wire  to  the 
second  binding  post  on.  the  terminal  block,  then  along  another 
yellow  wire  to  one  terminal  of  the  starting  switch,  then  along  the 
heavy  battery  to  switch  cable  to  the  positive  terminal  of  the  bat- 
tery, through  the  battery  to  the  negative  terminal  which  is  ground- 
ed to  the  frame  of  the  car  then  along  the  frame  of  the  car  to  the 
negative  terminal  of  the  generator  which  is  also  grounded  to  tho 
frame  of  the  ear,  through  the  armature  winding  to  the  positive 
terminal,  thus  completing  the  circuit.  If  the  electrical  pressuio 
of  the  generator  exceeds  the  pressure  of  the  battery  a  current  will 
flow  through  the  battery  from  its  positive  terminal  toward  its 
negative  terminal  and  the  battery  is  said  to  be  charging.  The 
value  of  the  charging  current  will  be  indicated  on  the  ammeter. 
This  charging  operation  will  continue  as  long  as  the  generator 
pressure  exceeds  the  battery  pressure  and  when  the  generator 
pressure  drops  below  the  battery  pressure  the  circuit  will  be  opened 
by  means  of  the  cutout  and  it  will  not  be  closed  again  until  the 
generator  pressure  has  increased  to  a  value  greater  than  the 
battery  pressure. 

Starling  Motor  Circuit:  Starting  with  the  positive  terminal  of 
the  storage  battery  you  can  trace  along  the  heavy  cable  to  the 
starting  switch,  then  through  the  starting  switch  when  it  is  closed, 
then  along  the  starting  switch  to  motor  cable,  through  the  field 
windings  of  the  starting  motor,  through  the  armature  of  the  start- 
ing motor  to  the  grounded  terminal  or  frame  of  the  car,  along  the 
frame  to  the  negative  terminal  of  the  storage  battery  which  is 
also  grounded,  through  the  storage  battery  to  the  positive  terminal, 
thus  completing  the  circuit. 

Lighting  Circuits:  Starting  with  the  positive  terminal  of  the 
battery  you  can  trace  along  the  heavy  battery  to  switch  cable, 
then  ihroogb  the  yellow  wire  to  the  Mcond  binding  poit  on  tha 
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termiiial  block,  then  through  another  yellow  wire  from  the  second 
binding  post  on  the  tenniaal  block  to  one  teTmJnal  of  the  ammeter, 
through  the  ammeter  to  the  battery  terminal  of  the  combination 
switch.  Now  if  the  lighting  switch  is  thrown  to  the  position  mark- 
ed "On"  the  cironit  will  be  completed  as  follows:  from  the 
terminal  on  the  back  of  the  combination  switch  marked  "L  head" 
along  the  gray  wire  to  the  fifth  bioJing  post  on  the  connecting 
block  and  from  this  point  the  circuit  divides,  a  gray  wire  lead- 
ing to  each  of  the  large  bulbs  in  tho  head  lamps  through  the 
bulbs  to  the  frame  of  the  ear  or  ground,  then  along  the  frame  of 
the  car  to  the  negative  terminal  of  tho  battery  which  is  also  ground- 
ed through  the  battery  to  the  positive  terminal  thus  completing 
the  circnit.  If  the  lighting  swittuh  is  thrown  to  the  position  mark- 
ed "Dim"  the  circuit  from  the  combination  switch  will  be  com- 
pleted as  follows:  from  the  terminal  marked  "D"  along  the 
brown  wire  to  the  fourth  binding  post  on  the  terminal  block,  an3 
from  this  point  the  circuit  divides  a  brown  wire  leading  to  eacn 
of  the  small  bulbs  in  the  headlamps,  through  the  bulbs  to  the 
frame  of  the  car  and  the  remainder  of  the  circuit  is  the  same  as 
for  the  targe  lamps.  With  the  lighting  switch  in  either  the 
"Dim"  or  "On"  positions  a  circuit  through  the  tail  lamp  will 
be  established  as  follows:  from  the  terminal  on  the  back  of  the 
combination  switch  marked  "Kear"  along  the  green  wire  to  the 
third  binding  post  on  tho  terminal  block,  along  another  green  wire 
to  the  tail  lamp,  through  tlie  bulb  to  the  frame  of  the  car,  or 
ground,  back  to  the  negative  terminal  of  the  battery,  through 
the  battery  to  the  positive  terminal  of  the  battery  thus  complet- 
ing the  circuit. 

Battery  Ignition  Circuit:  Current  for  ignition  purposes  will  be 
supplied  by  the  battery  when  the  ignition  key  is  turned  into  the 
position  marked  "Bat"  and  the  circuit  may  be  traced  as  follows: 
The  circuit  from  the  positii  e  terminal  of  the  battery  to  the 
"Bat  connection  on  the  back  of  the  combination  switch  is  the 
same  aa  for  the  light"  which  was  traced  in  the  previous  paragraph. 
From  the  terminal  on  the  back  of  the  combination  switch  marked 
'Coil  you  can  trace  along  the  black  wire  direct  to  the  coil 
terminal  whi  h  is  common  to  one  *<ido  of  each  of  the  four  primary 
winimg-f  Tho  ir  uit  w  II  he  comjiletod  through  each  of  the  four 
primarj  windinjjS  m  rtgular  ordir  by  means  of  the  timer  which 
will  ground  one  end  of  each  of  the  black,  red,  blue  and  green 
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wires  leading  from  the  primary  windings  of  the  coils  to  the 
timer.  The  grounding  of  each  of  these  wires  in  turn  completea 
the  circuit  back  to  the  negative  terminal  of  the  battery  through 
the  battery  to  the  starting  point. 

to  the  first  binding  post  of  the  tenuinat  block,  then  along  the  blaok 
Horn  Circuit :  From  the  magneto  terminal  along  the  red  wire 
wire  to  the  horn  switch,  from  the  horn  switch  along  another  black 
wire  to  the  horn  terminal,  through  the  horn  winding  to  the  frame 
of  the  car  and  back  to  the  grounded  terminal  of  the  magneto. 

Maintenance  of  F.  A.  Electrical  System 

The  maintenance  of  the  P.  A.  starting  and  lighting  system  may 
for  convenience  be  divided  into  the  following  five  groups. 
Maintenance  of  Generator 
Maintenance  of  Motor 
Maintenance  of  Cutout 
Maintenance  of  Storage  Battery 
Maintenance  of  the  Electric  Wiring 
Each  of  these  different  groups  will  be  discussed  in  detail  in  the 
following  paragraphs. 

Maintentuice  of  G«ierator 

A  general  classification  of  the  most  likely  generator  troubles 
is  given  in  the  table  entitled  Generator  Trouble  Chart.  It  will  be 
observed  that  all  of  the  generator  troubles  are  classified  as  being 
either  mechanical  or  electrical  and  they  will  be  discussed  accord- 
ing to  this  classification. 

Genekator  Mechanical  Troubus 
The  mechanical  troubles  usually  experienced  in  the  operation 
fo  the  generator  are  as  a  rule  confined  to  the  following: 

(a)  Loose  Driving  Gear 

(b)  Broken   Bearing 

(c)  Armature  off  Center 

(d)  Shaft  Bent 

(e)  Commutator  Bnrsted 

Each  and  every  one  of  the  above  mechanical  troubles  can  be 
located  by  a  careful  visual  inspection  of  the  geneiatoi. 
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(a)  For  example,  take  hold  of  tbe  gear  by  hand  (it  is  asavtned 
the  generator  has  been  removed  from  the  car)  and  70a  can  esBily 
determine  if  it  ia  firmly  keyed  to  the  shaft. 

(b)  The  armature  may  be  turned  by  hand  to  see  if  it  mna  freely 
and  noiselesBly.  If  it  is  found  tbat  the  armature  sticks  or  turns 
hard,  the  bearings  should  be  examined  to  see  if  they  are  broken 
thus  allowing  the  armature  to  drag  on  the  pole  pieces. 

(c)  If  the  armature  tnrus  hard  or  seems  to  drag  it  may  be  otf 
center  due  to  worn  bearings,  which  can  be  easily  determined  by 
observing  the  freedom  of  the  armature  in  the  bearings,  or  the 
drag  may  be  dne  to  a  loose  pole  piece,  which  is  caused  by  one  of 
the  heavy  screws  holding  the  pole  pieces  In  place  agalnat  the  in- 
side of  the  generator  frame  becoming  loosened.  The  remedy  for 
the  trouble,  if  it  is  due  to  worn  bearings,  is  to  put  in  new  bearings, 
and  if  it  is  dne  to  a  loose  pole  piece  to  tighten  np  the  Icrew 
holding  the  pole  piece  in  place.  A  punch  mark  should  be  placed 
in  the  outer  edge  of  the  screw  after  it  is  drawn  up  tight  whieh 
will  prevent  its  becoming  loosened  as  easily  as  It  might  otherwise. 

(d)  A  bent  armature  shaft  is  a  somewhat  unusual  occurrence  bat 
it  will  cause  the  armature  to  appear  to  be  out  of  balance  and  may 
even  cause  it  to  drag  on  the  pole  pieces.  It  Ib  practically  im- 
possible to  straighten  a  shaft  and  the  best  and  safest  remedy  is 
a  new  armature. 

(e)  A  bnrsted  commutator  cannot  be  repaired  and  the  only 
remedy  is  to  put  in  a  new  one.  A  bursted  commutator  will  usually 
be  accompanied  by  considerable  other  damage  such  as  broken 
brushes,  brush  holders,  and  perhaps  tbe  armature  winding  will 
be  injured.  A  new  armature  will  doubtless  be  the  ciieapest  and 
safest  in  the  end  instead  of  trying  to  put  on  a  new  conunntator. 

In  order  to  inspect  the  brushes,  which  are  located  at  the  rear 
end,  it  will  be  necessary  to  remove  the  rear  end  cover  band  whieh 
is  held  to  the  end  bracket  by  means  of  two  screws.  In  order  to 
remove  the  armature,  the  brushes  must  be  raised  from  the  commu- 
tator by  pulling  them  up  in  their  holders  by  means  of  the  brush 
pig-tailB.  The  brushes  will  be  held  free  from  the  commutator  by 
means  of  the  brush  springs  which  will  press  the  brushes  against 
the  side  of  the  holders.  The  screws  holding  the  front  end  bracket 
should  be  removed  now  and  tbe  bracket  and  armature  may  be  com- 
pletely removed  from  the  frame. 
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The  back  end  bracket  may  be  removed  from  tbe  frame  by 
removing  the  four  screws  holJing  it  in  position  and  then  loosen- 
ing' it  from  the  frame.  The  short  leada  connected  to  the  bmshes 
will  not  permit  the  end  bracket  being  removed  but  a  short  distance 
from  the  generator  frame  and  if  it  is  desired  to  remove  it  com- 
pletely the  wires  and  leads  will  have  to  be  disconnected. 

Generatoh  Electrical  Troubles 
In  the  outline  of  generator  troubles,  there  are  fonr-anb-heaa-^ 
ingH  to  tbe   electrical   troubles  as  follows: 

(f)  Open  Circuits 

(g)  Short  Circuits  and  Grounds 
(h)   Third  Brush  Troubles 

(i)   Cutout  Troubles 

(f)  Open  circuits  are  more  commonly  due  to  a  dirty  commutator, 
worn  commutator,  brushes  being  stuck,  improper  or  no  spring 
preaanre  on  the  brushes,  brushes  too  short  or  broken,  and  broken 
brush  connections.  Some  of  the  more  uncommon  causes  of  open 
circuits  are  an  open  field  winding,  open  armature  winding  and  a 
broken  connection  between  the  commutator  and  the  armature  wind- 
ing proper. 

One  of  the  first  tests  to  make  on  the  generator  is  to  operate  it  as 
a  motor  by  connecting  it  direct  to  a  six-volt  storage  battery  with 
an  ammeter  in  circuit.  If  the  generator  does  not  operate  as  a 
motor  when  it  is  connected  to  the  battery  and  there  is  no  reading 
on  the  ammeter  you  know  immediately  that  there  is  an  open  circuit 
If  tbe  generator  operates  slowly  as  a  motor  and  there  is  a  current 
of  less  than  five  amperes  it  is  an  indication  that  there  is  a  partial 
open  circuit  or  a  poor  connection  in  the  generator  circuit  which 
does  not  allow  the  proper  amount  of  current  to  flow. 

The  open  circuit  may  be  located  by  means  of  the  test  points  bj 
testing  the  different  sections  of  the  circuit  through  the  generator 
starting  from  tbe  insulated  terminal  on  top  of  tbe  frame  and  con- 
tinuing to  the  grounded  terminal. 

A  simple  testing  outfit  for  locating  opens  is  shown  in  Fig.  36S. 
If  fbe  test  points  be  applied  to  the  terminals  of  a  circuit  or  a  por- 
tion of  a  circuit  and  tbe  electrical  connection  between  tbe  points 
where  the  test  points  are  applied  is  complete  tbe  circuit  through 
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TQBistauce'  of  the  circuit  between  the  test  points  is  too  high.  The 
test  lamp  will  have  fuU  battery  voltage  applied  at  its  tenninale 
when  the  test  points  are  cottttected  directly  together,  while  if  the 
test  points  are  connected  with  a  resistance  between  them  the  full 
voltage  of  the  battery  will  not  be  applied  to  the  lamp  and  it  may 
not  burn  depending  upoa  what  voltage  is  actually  applied  to  its 
terminals.  If  the  resistance  of  the  circuit  being  tested  and  the 
resistance  of  the  lamp  are  equal  then  the  voltage  of  the  battery 
will  be  divided  equally  between  them. 

The  connection  between  the  insulated  terminal  and  the  positive 
brush  can  be  tested  by  applying  one  of  the  test  points  to  the 
terminal  and  the  other  one  to  the  brush.    If  the  connection  is  com- 
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Fig.  368.— Simpte  ittfing  tm^. 

plete  the  test  lamp  will  light.  The  electrical  connection  between 
the  insulated  brush  and  the  commutator  may  be  tested  in  a  similar 
manuer  by  applying  one  test  point  to  the  brush  and  the  other  one 
to  the  commutator.  The  field  winding  should  now  be  disconnected 
from  the  third  brush  and  test  made  to  determine  the  electrical 
connection  between  the  third  brush  and  the  commutator  and  also 
between  the  grounded  brush  and  the  commutator.  The  field  may 
be  tested  by  applying  the  test  points  to  its  terminals.  If  the  field 
circuit  is  open,  each  coil  may  be  tested  separately  and  tliB  exact 
one  in  which  the  trouble  exists  determined.  An  open  circuit  can 
thus  be  localized  by  means  of  the  above  tests  and  the  necessary 
Oteps  may  be  taken  to  remedy  the  trouble. 

The  commutator  should  be  examined  to  see  that  it  is  clean,  as 
a  dirty  commutator  will  prevent  good  electrical  contact  between 
the  brushes  and  the  commutator  bars.  If  the  commutator  is  dirty 
due  to  grease  and  dirt  it  may  be  easily  cleaned  hy  using  a  piece  ot 
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clean  rag  tnoiBtened  in  gasoline.  A  fine  pointed  piece  of  hard  nood 
should  be  used  ia  removing  the  dirt  and  grease  from  between  the 
eommatator  bars.  The  mica  insulation  between  the  commutator 
bars  is  cut  away  a  short  distance  below  the  sniface  of  the  commn- 
tator,  or  undercut  as  it  is  commonly  called,  which  allows  the 
bmshes  to  make  better  contact  with  the  commutator  if  the  grooves 
are  kept  free  from  all  foreign  substances. 

Quite  often  a  dirty  commutator  is  due  to  sparking  at  the  brushes, 
and  in  such  cases  it  will  be  necessary  to  sand  it  by  means  of  a 
strip  of  very  fine  sand  paper  preferably  not  coarser  than  No.  tW. 
The  sand  paper  should  be  applied  to  the  commutator  by  placing  it 
over  the  end  of  a  piece  of  wood  and  then  holding  the  end  of  the 
piece  of  wood  against  the  commutator  while  the  commutator  is  re- 
volving. The  end  o£  the  piece  of  wood  should  be  cot  o3  tme  so 
as  to  prevent  grooves  being  cut  in  the  surface  of  the  commutator. 

If  the  surface  of  the  commutator  is  badly  worn  so  as  to  allow 
the  mica  insulation  between  the  bars  to  become  flush  with  the 
surface  of  the  commutator  thus  preventing  the  brushes  from  mak. 
ing  good  electrical  contact  with  the  commutator,  there  is  only  one 
remedy  and  that  is  to  undercut  the  mica.  The  commutator  surface 
should  first  be  trued  up  by  taking  a  small  cut  off  of  it  in  a  lathe 
and  then  the  mica  should  be  cut  away  from  between  the  bars  to 
a  depth  of  about  1/32-inch.  An  end  view  of  the  commutator  with 
the  mica  correctly  cut  away  is  shown  in  Fig.  369,  and  one  in  which 
it  is  incorrectly  cut  away  is  shown  in  Fig.  3T0.  A  convenient  toot 
for  cutting  away  the  mica  may  be  made  from  an  old  back  saw 
blade  by  grinding  off  the  sides  of  the  teeth  so  that  the  saw  will 
make  a  cut  the  same  width  as  the  mica  and  then  providing  a  suit. 
able  handle  for  it  as  shown  in  Fig.  371.  The  groove  in  the  mica 
372,  and  the  saw  then  used.  Be  careful  in  using  the  saw  not  to 
may  be  started  by  means  of  a  three-cornered  file  as  shown  in  Fig. 
mar  the  edges  of  the  commutator  bars  any  more  than  you  can  help. 
The  rough  burs  along  the  edges  of  the  bars  should  be  removed  by 
means  of  a  fine  file  and  the  commutator  surface  well  sanded  before 

An  open  circuit  may  be  caused  by  the  brushes  sticking  in  their 
holders  and  if  such  is  found  to  be  the  case  the  brushes  and  brasli 
holders  should  be  thoroughly  cleaned  so  that  the  brushes  move 
freely  under  the  action  of  the  spiral  springs  pressing  them  on  the 
surface  of  the  commutator. 
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An  open  circuit  between  tbe  bmshes  and  commutator  may  be  doe 
to  not  having  sufficient  spring  tension  on  the  bmsheii  bo  as  to  hold 
them  in  contact  with  the  commutator.    Improper  spring  tension  on 
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the  brushes  will  result  in  sparking  at  the  brushes  and  a  burned 
and  blackened  commutator  wUl  result  which  will  tend  to  open  tho 
circuit  between  the  commutator  and  the  brushes.     A  new  spring 
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Figi.   371  and  372. — SotUng  txmmtdaior  laUk  Kasbtadt  and  tlarting  aU   laih  lira 
eornertd  fiU. 

is  the  best  and  safest  remedy  for  this  job  and  the  commutator 
and  brushes  should  be  thoroughly  cleaned.  Tf  the  spring  pressure 
ia  too  great  it  has  the  effect  of  rapidly  wearing  out  the  commutator 
and  the  brushes,  but  is  usually  considered  better  practice  than  too 
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little  spring  preBsure.  The  spring  pressure  should  be  snffieieiit  to 
snap  the  brush  baak  on  the  commatator  when  it  is  raised  ity  poll- 
ing on  the  pig-tail  and  then  reteasei}. 

Ad  open  circuit  maj  he  caused  b^  the  brushes  being  worn  to 
such  an  extent  the  springs  will  not  cause  them  to  make  eleetrieal 
contact  with  the  avrface  of  the  commutator.  The  onl?  remedy  for 
a  condition  of  this  kind  is  to  replace  the  old  hruahes  with  new 
ones.  The  new  brushes  should  be  sanded  in  as  shown  in  Figs.  373, 
374,  and  375.  rigs.  373  and  374  show  two  methods  of  sanding  in 
the  third  brush  while  Fig.  375  shows  the  correct  method  of  sanding 


Fm.  373  and  374-7'iw  meOoi*  cf  "lawKtifl  m"  Odrd  AnuiL 

in  the  two  lower  or  main  brushes  and  Fig.  376  shows  the  in- 
eorreet  method  of  sanding  in  the  third  brush.  The  arc  of  eon- 
tact  between  the  brushes  and  the  commutator  should  correspond 
to  the  full  width  of  the  brush. 

The  pig-tail  connection  from  the  brush  to  the  brush  holder  may 
be  broken  or  the  connections  may  be  loose  or  broken  and  in  such 
caacB  there  will  be  an  open  circuit  from  the  bmsh  to  the  brush 
holder  or  the  circuit  will  be  of  comparatively  high  resistance. 

An  open  circuit  in  the  armature  winding  will  cause  excessive 
sparking  at  the  commutator  and  several  of  the  commutator  bars 
will  be  blackened  and  perhaps  buraed  due  to  the  sparking.    A  tb>j 
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ttmple  and  effective  teat  for  loc&ting  open  eircoits  in  an  armature 

winding  is  ahown  diagrammaticallj  in  Fig.  377.  An  ammeter, 
one  cell  of  a  storage  batteiy  and  the  test  points  are  connected 
in  series.  The  test  points  are  applied  to  adjacent  commntator 
bars  all  the  way  around  tlie  conunutator  and  tlie  ammeter  reading 
for  eacli  combination  is  carefully  observed.  In  Fig.  377  the  test 
points  are  connected  to  the  commutator  and  the  armature  sbaft 
T7hich  is  correct  for  the  ground  test.  If  the  ammeter  readings 
sre  all  the  same  there  are  iio  open  circuits  in  the  armature  wind- 
ing, but  if  one  or  more  readings  of  the  ammeter  differ  from  the 
others  to  any  exteut  there  is  an  open  circuit.  The  open  may  bo 
a  broken  wire  leading  to  the  commutator,  or  the  wire  may  have 


Fiji.  375  and  376.— Correrf  and  ineorrtd  HKOiod  of  "Eonunj  in"  main  bnaka. 

come  unsoldered  from  the  commutator  and  a  careful  inspection 
of  the  armature  will  enable  j'ou  to  determine  if  either  of  these 
conditions  is  the  cause  of  the  trouble.  If  the  trouble  proves  to 
be  within  the  armature  winding,  the  complete  winding  will  no 
doubt  have  to  be  removed,  and  it  will  no  doubt  bo  cheaper  to 
put  in  a  new  armature  than  to  attempt  to  rewind  the  old  one, 
unless  it  is  an  extreme  emergency. 

(g)  Ajsuming  all  of  the  mechanical  difficulties  have  been  cor- 
rected and  that  the  generator  wiU  not  ran  as  a  motor  when  it  is 
connected  to  the  storage  battery  but  a  reading  of  four  or  five 
flicpo.-cs  is  indicated  on  the  ammeter  connected  in  circuit,  or  if 
the  generator  runs  very  !:lowI<i'  as  a  motor  and  draws  mnre  current 
tliui  it  ihonld,  It  li  an  Indication  that  the  currant  Ii  not  utwUy 
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paBBing  through  the  armature  and  field  windings  in  the  proper 
wa;  but  a  portion  or  all  of  it  ie  being  shunted  through  a  short  or 
grounded  connection  and  is  thus  not  effective  in  the  operation 
of  the  generator  as  a  motor.  The  more  common  causes  of  this 
kind  of  tronbla  are  grounded  brushes  and  grounded  main  gene- 
rator terminal,  and  some  of  the  more  tincommon  causes  are 
grounded  commutator,  grounded  armature  winding,  grounded  field 
i-oils  and   short   circuited  armature   or  field   coils. 

Tbo  insulation  between  the  main  generator  terminal  and  th« 
frame  of  the  generator  may  be  tested  by  first  disconnecting  the 
lead  from  this  terminal  to  the  positive  brush  from  the  positive 
brush  holder  and  then  apply  one  of  the  test  points  to  the  terminal 
ar-d  one  to  the  frame  of  the  generator.     If  there  is  no  Indication 


Fig.  ZJi.—Tati-ag  JicU  far  groandt. 


on  the  ammeter  the  terminal  is  insulated  from  the  frame.  If  the 
ammeter  shows  a  reading  the  terminal  insulation  is  in  trouble 
and  a  careful  inspection  should  be  made  of  the  insulating  nashera 
and  the  insulation  on  the  lead  from  the  terminal  to  the  positive 
brush.  The  ground  may  be  due  to  dirt  having  collected  around  the 
terminal  and  a  thorough  cleaning  will  correct  the  trouble. 

The  brush  holders  for  the  positive  and  third  brushes  may  be 
tested  for  grounds  by  placing  one  of  the  test  points  on  the  frame 
and  the  other  point  on  the  bolder,  the  field  connection  to  the  third 
brush  having  been  removed,  and  a  piece  of  paper  placed  between 
each  of  the  brushes  and  the  commutator.  If  a  ground  shows  up 
the  trouble  is  due  to  dirt  or  poor  insulation  and  an  inspection 
will  datermine  the  exact  cause  of  the  trouble.       The  negative 
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bmsh  holder  ia  groonded  permanently  and  tho  test  doea  not 
ftpply   to   it. 

Both  terminals  of  the  field  should  be  disconnected  from  the 
brushea  as  shown  in  Fig.  378  and  then  one  test  point  applied  to 
the  field  and  one  to  the  frame  of  the  generator.  If  the  test  shows 
a  ground  then  disconnect  the  windings  from  eatih  ottier  and  test 
each  of  them  separately.  The  field  coil  found  to  be  in  trouble 
should  be  removed  and  the  necessary  repairs  made  or  a  new  one 
substituted.  A  test  should  be  made  after  the  coil  has  been  put 
back  in  place  first  on  the  individual  coil  and  then  on  the  entire 
field  after  the  coils  are  reconnected.  The  commutator  under 
normal  conditions  is  insulated  from  the  shaft  of  the  armature 
and  there  is  no  electrical  connection  between  it  and  the  shaft. 
The  commutator  may  be  tested  for  grounds  when  it  is  in  the 
generator  by  first  removing  the  brushes  from  the  commutator  or 
by  placing  pieces  of  paper  under  them  and  then  applying  one  of 
the  test  points  to  the  commutator  and  the  other  to  the  armature 
shaft  as  shown  in  F^g.  377.  If  there  is  no  reading  on  the  ammeter 
it  shows  that  the  commutator  as  well  as  the  armature  winding  is 
insulated  from  the  armature  shaft  and  core.  If  the  test  shows  a 
ground  it  may  be  between  the  armature  winding  and  the  core  or 
between  the  commutator  and  the  shaft.  If  the  ground  cannot 
be  located  by  a  careful  Inspection,  it  will  be  best  to  replace  the 
defective  armature  with  a  new  one.  A  grounded  coil  may  be 
located  by  applying  one  of  the  test  poiots  to  each  of  tho  com- 
mutator segments  in  regular  order  and  the  other  test  point  in 
contact  with  the  armature  shaft,  and  each  of  the  ammeter  read- 
ings will  be  approximately  the  same  for  all  of  the  commutator 
bars.  If  one  of  the  individual  commutator  bars  or  a  particular 
coil  is  grounded  one  of  the  ammeter  readings  will  be  larger  than 
the  others  and  this  reading  will  occur  when  the  test  point  is  in 
contact  with  the  grounded  segment  or  the  segment  connected  to 
the  grounded  coil.  As  stated  above,  a  careful  inspection  will  often 
locate  the  trouble. 

Short  circuited  coils  may  be  located  in  exactly  the  same 
manner  as  that  employed  in  locating  open  armature  coils.  If  all 
the  ammeter  readings  are  approximately  the  same  the  coils  are 
all  in  good  condition,  but  if  one  or  more  of  the  readings  is  higher 
than  the  Average,  it  ii  an  indication  that  tho  coil  connected  be- 
twtm  tli«  two  legmenta  on  which  the  teit  polnti  are  plnoed  it 


B32  AUTOMOBILE  EtECTRICAL  SYSTEMS 

Bhort  circuited.  Tbe  increase  in  current  ia  due  to  a  decrease  in 
resistance  caused  by  one  or  more  of  the  turns  in  the  coil  being 
cut  out  of  service  on  account  of  defective  insulation.  The  exact 
location  of  the  trouble  may  be  determined  by  a  careful  esamiua- 
tion  of  the  armature  winding. 

A    short    circuit    in    tbe    field    winding   may   be    determined  by 


Pig.  379.— Tesh'ne  field  for  diort  eircaits. 

sending  a  current  through  tbe  four  coils  in  aeries  by  means  of  a 
storage  battery  as  shown  diagrammatically  in  Fig.  379.  The 
resistance  of  the  field  winding  of  the  F.  A.  generator  varies  from 
2.7  to  3.3  ohms  depending  upon  whether  the  coila  are  wound  with 
eingle  cotton  enameled  wire  or  double  cotton  covered  wire.  A  sis- 
volt  storage  battery  should  produce  a  current  of  approiimately  2.5 
-  amperes.    If  the  ammeter  reading  is  noticeably  larger  than  this  it 
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is  an  indication  that  some  of  the  turua  in  one  or  more  of  the  fteld 
coils  are  shorted  and  it  is  then  necessary  to  determine  whieh  ones 
are  defective.  The  insulation  should  be  removed  from  the  joint  be- 
tween the  coils  and  a  test  made  on  each  separate  coil.  The 
ammeteT  reading  for  each  separate  coil  should  be  the  same  if  thej 
are  all  in  good  condition.  If  any  one  of  the  coils  show  a  decided- 
ly higher  reading  than  the  others  it  indicates  that  a  portion  of 
that  coil  is  shorted  and  not  effective  in  producing  a  magnetic  deld. 
The  damaged  coO  should  be  removed  and  repaired  or  replaced  by 
a  new  one  and  the  complete  windiqg  retested  after  the  coils  are 
all  back  in  place  and  reconnected. 

(h)  The  operation  and  adjustment  of  the  third  brush  has  been 
described  in  the  section  on  the  generator  and  it  is  only  neces- 
sary to  mention  the  fact  that  the  generator  output  is  increuBtHi 
by  moving  the  third  brush  in  the  direction  of  rotation  and  de- 
creased by  moving  the  third  brush  in  the  opposite  direction  td 
the  direction  of  rotation  of  the  armature.  The  contact  of  the 
third  brush  should  be  as  good  as  possible  and  the  spring  pressure 
Boffieient  to  keep  it  in  firm  contact  with  the  commutator. 

(i)  Cutout  troubles  are  in  the  majority  of  eases  caused  by 
failure  to  close  and  second  by  failure  to  open.  Failure  to  close 
may  be  due  to  the  voltage  or  pressure  coil  boing  open  or  shorE 
circuited  and  the  contacts  may  be  so  dirty  that  they  do  not  make 
electrical  contact  after  they  are  drawn  together. 

The  contact  may  fail  to  open  due  to  the  points  being  welded 
together  due  to  continued  opening  and  closing  of  the  cutout  whicE 
causes  excessive  sparking.  The  spring  tension  on  the  armature 
may  not  be  correct  which  will  cause  the  cutout  to  open  and  close 
at  the  wrong  time. 

The  electrical  circuits  of  the  cutout  may  be  tested  by  means  of 
the  test  points  and  the  contact  may  be  cleaned  with  a  very  fine 
emery  cloth  or  with  a  very  fine  jewelers  file.  The  internal  cir- 
cuits of  the  dash  and  generator  typeg  of  cutouts  are  shown  in 
Figs.  353  and  354. 
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Maintenance  of  Motor 

Motor  tTonbles  are  clasfified  the  same  as  generator  troubles 
and  a  complete  chart  of  these  tronblea  is  given  for  tbe  conveu- 
ience  of  the  reader. 

Motor  Mechanical  Troubles 
The  principal   mechanical   troubles  are   as   follows: 

(a)  Broken   or  Worn  Bearing 

(b)  Armature  oS  Center 

(c)  Shaft  Bent. 

(d)  Commutator  Bursted 

(a)  The  bearings  on  the  motor  are  solid  instead  of  ball  bear' 

iu^  as  iu  the  case  of  the  generator.  The  motor  runs  a  very  small 
percentage  of  the  time  that  the  generator  is  run  and  for  this 
reason  the  solid  bearings  will  meet  all  of  the  requirements  if 
they  are  protected  by  not  allowing  any  dirt  to  get  into  them  when 
they  are  taken  out.  If  upon  inspection  tbe  bearings  are  found 
to  be  badly  w6ru  they  should  be  replaced  with  new  ones.  Worn 
bearings  or  a  badly  bent  ghaft  may  allow  the  armature  to  drag  on 
the  pole   pieces   and   cause   some   serious   damage. 

(b)  The  armature  may  drag  and  appear  to  be  off  center  due  to 
one  or  more  of  the  pole  pieces  being  loose  and  the  remedy  for  a 
condition  of  this  kind  is  to  draw  the  pole  piece  back  in  place  by 
tightening  tbe  screw  which  holds  it.  It  is  advisable  to  place  a 
rather  deep  punch  mark  in  the  outer  edge  of  the  screw  after  it 
is  drawn  up  which  will  keep  it  from  working  loose  so  easily. 

(c)  A  bent  armature  shaft  is  more  likely  to  occur  in  the  opera- 
tion of  the  motor  than  in  the  case  of  the  generator  and  especially 
if  the  spark  lever  is  advaneed  to  such  an  extent  that  the  engine 
"kicks  back".  It  is  almost  impossible  to  straighten  a  bent  shaft 
and  the  quickest  and  best  way  is  to  put  in  a  new  armature. 

(d)  A  bursted  commutator  usually  causes  considerable  other 
damage  especially  to  the  brushes  and  brush  holders.  The  best 
practice  is  to  replace  the  old  armature  with  a  new  one.  as  the 
cost  and  inconvenience  in  making  tbe  repairs  will  amount  to 
more  than  a  new  armature. 
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Motor  Trouble  Chart 


Worn  bearings 
Shaft  bent 
Commutator  burst 
LooBe  pole  piece 
Broken  bendix 
Armature  off 
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short,  poor 
spring  pres- 
sure—airty 
or  burned 
commutator 
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MoTwi  EiicnucAL  Troubles 

Tn  the  outline  of  motor  troubles  there  are  two  sub'headiugB  as 
follows 

(e)  Open  circuits 

(f)  Short  circuits  and  gronuda 

(e)  Open  circuits  are  more  commonly  due  to  dirty  commutfttor, 
worn  commntator,  brushes  stDclc  in  the  holders,  improper  or  no 
spring  pressure,  brushes  too  short  or  broken,  broken  bmeh  con- 
nections, open  field  circuit,  open  srmature  circuit  and  a  broken 
eounection  between  the  commutator  and  armature  windings.  An 
open  circuit  in  the  starting  motor  may  be  detected  by  making  a 
free  running  teet  on  it  with  an  ammeter  in  circuit.  If  the  motor 
fails  to  run  and  there  is  no  reading  on  the  ammeter  it  indicates 
that  the  motor  circuit  is  open.  If  the  motor  runs  very  slowly  and 
takes  considerably  less  than  75  amperes  it  indicates  that  there 
is  a  partial  open  circuit  or  a  poor  connection  or  contact  some 
place  in  the  motor  circuit.  The  general  method  of  locating  open 
circuits  in  the  case  of  the  motor,  except  for  the  armature,  131 
practically  the  same  as  in  the  ease  of  the  generator  which  has 
already  been  described  in  detail.  The  resistance  of  the  winding 
of  the  motor  armature  is  bo  very  low  that  the  method  employed 
in  the  case  of  the  generator  cannot  be  used  satisfactorily  for  the 
motor  armature.  The  only  place  that  an  open  circuit  is  likely  to 
occur  is  where  the  ends  of  the  coUs  connect  to  the  commutator 
bars  and  it  can  usually  be  detected  by  a  careful  inspection.  The 
wires  should  be  raised  from  the  slot  in  the  commutator  riser  and 
thoroughly  cleaned,  then  resolder  in  place.  An  open  armature 
coil  causes  a  "flat"  to  develop  due  to  continuous  arcing  at  that 
particular  spot.  The  internal  connections  of  the  motor  are  shown 
diagrammatically  in  Fig.   357. 

(f)  If  the  motor  fails  to  turn  or  turns  very  slowly  when  you  are 
making  the  free  running  test  and  it  draws  a  current  quite  a  bit 
larger  than  75  amperes  it  is  an  indication  that  there  is  a  ground 
or  short  circuit  in  the  motor.  Troubles  of  this  kind  are  likely 
to  occur  due  to  gronnded  brush  holders,  grounded  main  motor 
terminal,  gronnded  armature  winding,  grounded  field  windings, 
short  circuited  armature  coils,  and  short  circuited  field  coils. 

The  tests  for  grounds  in  the  case  of  the  motor  are  practically 
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the  same  as  in  the  case  of  the  generator,  but  the  shorts  can  not 
be  easily  located  as  in  the  case  of  the  generator,  on  account  of 
the  very  low  resistance  of  the  armature  windings.  The  only 
practical  method  of  locating  shorts  in  armatnre  coils  is  by  meanE' 
of  a  "growler"  nnlesa  the  trouble  is  indicated  visually  by  burned 
or  flatted  commutator  bars. 

Maintenance  of  Shurage  Battery 

The  storage  battery  is  really  the  heart  of  the  electrical  system 
and  for  this  very  reason  it  should  not  be  neglected.  The  prin- 
cipal points  to  bear  in  mind  in  taking  caie  of  the  storage  bat- 
tery are  the  following: 

(a)  Keep  the  plates  covered  with  electrolyte  by  adding  water 
or  acid  as  conditions  may  require. 

(b)  The  battery  should  ke  kept  in  a  charged  condition  and 
under  no  circumstances  allowed  to  stand  for  any  length  of  time 
in  a   discharged   condition. 

(c)  The  terminals  to  the  battery  should  be  cleaned  occasionally 
so  as  to  prevent  undue  corrosion. 

(d)  The  battery  should  be  firmly  anchored  in  poaition  80  as  to 
prevent  its  being  bounced  about. 

Maintenance  of  the  Electric  A\^ring 

In  maintaining  the  electric  wiring  in  connection  with  the  F.  A. 
starting  and  lighting  system  the  following  suggestions  should  be 
observed. 

(a)  See  that  all  connections  are  clean,  tight  and  making  good 
electrical  contact. 

(b)  See  that  all  wires  are  properly  anchored  in  place  and  not 
subject  to  mechanical  abrasion. 

(c)  Keep  all  wires  as  free  from  dirt  and  oil  as  possible. 

(d)  Inspect  the  ground  connections  occasionally  to  see  that 
they  are  tight  and  making  good  electrical  contact. 
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CHAPTER  XXXIX 

Tables  of  Electrical  Elquipment,  191 6 
to  1920  Cars 


TO  supplement  the  wiring  diagrams  on  the  preceding  pages 
there  is  offered  in  the  section  foUowicg  tables  of  the  elec- 
trical equipment  of  passenger  cars  for  the  past  five  jeais. 
Both  in  conjunction  with  the  diagrams  and  as  independent  data  the 
tables  ■will  be  valuable  to  owners  and  service  men.  The  men  em- 
plojed  in  the  electrical  departments  of  service  stations  daily  ate 
confronted  with  electrical  problems  wherein  it  is  desired  to  know 
what  type  and  size  fuses  are  used  on  certain  cars,  what  the  lamp 
voltage  is,  whether  the  sjstem  is  two-wite  or  grounded,  whether  the 
lamp  bulbs  are  single  or  double  contact,  if  the  dash  and  tailligbt 
are  in  series,  whether  the  generator  has  third-brush  regulation  or 
inherent  regulation,  and  a  host  of  other  similar  questions. 

To  this  end  the  'Electrical  specifications  of  pasecngcr  cars  have 
been  prepared  in  the  form  of  condensed  tables  to  assist  service  sta- 
tion employees  and  car  owners  in  immediately  ascertaining  the  na- 
ture of  the  electrical  system  used  on  any  particular  car,  together 
with  the  details  of  that  system.  This  eliminates  all  guess  work  and 
speeds  up  service  because  the  repairman  then  is  in  position  to  pick 
out  eiactly  the  right  type  of  fuse,  the  right  lamp  bulbs,  etc.  Those 
that  must  look  after  the  maintenance  of  electric  systems,  thus  have  in 
a  nutshell  the  information  needed  in  their  daily  work,  which  would 
require  considerable  effort  to  get  otherwise.  Besides  it  offers  the 
chance  for  substitution  in  certain  cases,  so  that  if  the  service  sta- 
tion happens  to  be  out  of  a  certain  article,  a  glance  at  the  specifica- 
tions will  show  what  might  be  substituted,  inasmuch  as  the  article 
may  be  obtainable  in  some  other  establishment. 

Likewise  these  tables  will  assist  the  owner  in  purchasing  equip- 
ment such  aa  bnlbs,  plugs,  etc 


AUTOMOBILE  £LECTaiCAL  SYSTEMS 
Electrical  Equipment  of  1916  Cara 
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HAKE  Hnd 
MODEL  UBk€  ol 

OF  CAB  BsBtem 


S2 

Ss 

a;ou-itn 

II 

^■L'^i 

100 

E^y* 

Meti Ora.v  Ji  Davis,  : 

Hltrbell-6  ....Anrlfo   

Hltrbell    Wpstlnshouse . 

Mollne   Wagner  (ten. 


National    WegtlDKboUM? 

Noraaik    W^stlDgbouse 

Oal[laD(l'32  ...RemT 


12      15      D. 


13     ao     D. 


Paige    Gray  A  Davis.    : 

PatersoD Delta 

Pathaniler  WcBtlDgbouse .  : 

PeerleoB   Orar&DavlH.   : 

Plerpe-AiTOW  ..Westlntthouse. 

Pilot WeBtinghouae.  : 

Pilot Deloo 

rreml?r    WestlnKhouse.  1 

Pullman   Apelro 

Regal    Dyneto 

Rriiilnirton Dj'neto 

Rco  Btmy 

Republic    Delro 


&ii.':  2     n. S.L.     3      80 


Detroit   start. 

W-B    ....Wagner S 

■i-Crane  .  Rusbmore  ...  i 

Singer  WentlDgbouee.  i 

8.J.B AlllB-ChBlm...  : 

Hpauldlng   ....Entz 1 

KtniidBnr WeattusboUBe.  1 

States   Allls-Cbal.  ...  1 

Slearna WestlDgbouse.  i 

Sterling   WagDer I 

Stewart WeBtlnghouae .  2 

Rtiidebaker   ...Wagner S 

Btuti  Rem; ] 

Sun Rem.y i 

Velle OrayADavla.  S 

Wlllys-K.' '.'..'.'.  Aiito-Llte' '.'.'.'.  i 


8(Tlppa-B 


-t?o 

Wlllarci 

7 

120 

AUTOMOBILE  ELECTRICAL  SYSTEMS 

Complete  Electrical  Equipment 

STAKTING  &  LiaHTINO  BATTERY      HEADLIGHTS 


Ablmtt  e-44 Remy 

Alien  Classic . .  ■  .West 

Alter  C Remy 

American  Six O  &  D 

AadersoD West 

Ap'raon  6-lT,8-17.Bl]ur 

Arbena Dlaco 

Aabani  6-39 Bemy 

Aabura  6-44 Delco 

AuatiD  12 \..Delco 

Bour-Davlgl7...G&D 

Briscoe  24 Split 

Bulck  D-4 Delco 

Baick  D-6 Delco 

Cadillac  55 Delco 

CaseTlT A-Llte 

Chalmers  6-30.  .-WeBt 

CbaDdler  IT G  &  D 

Chevroiet  490.  ..A-Llte 

Chevrolet  F-2 A-LItc 

Cole  880 Delco 

ColumblaD w.  Leo      rd 

Cr-  Simplex  5-19.  Bosch 
Crawford  6-40. .  -Wcat 
Ctow  Elkh'tCa5.Dyneto 

Cunalngham west 

Daniels  A West 

Detrolter  6-45. . .  A-Lite 

Dixie  Flyer, Dyneto 

Dodge No.  Ea 

Dorria  IB-e West 

Dart  S Weat 

Drexel Bifur 

Eagle  A Allls-C 

Elgin  IT WBKne 

Elcar   D-E-P.  ...Dyneto 

Empire  60 A-Llte 

Enger west 

FordT 

Franklin  9 Dyneto 

F.  R.P,  45 Bisch 

glide  0-40. West 

Hwrain^AXi  ' ' '  ^'^"^ 
Baynes  B. . . ."  ! '  iiece-k 

Haines  12 Leece-N 

HatfleldH nisco 

Homer  1T8 '.  SDlit 

Hollier  176 Allls.C 

Hud.  Super-Six. .  d^Ico 

Hupmoblle" West 

Inter-State  'f7. . .  Remy 
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Abbott  6-44 S.C. 

Alleo  Classic S.C. 

Alter  C S.C. 


'■Tit 


Chilmera  6-30... B.C. 

Chandler  17 S.C. 

Cberrolet  490... D.C. 
Cbevrolet  F-a...D.C. 


Cr.  Sjmplei  {H»£.C, 
CTBWIord  e-40...B.C. 
Crow  Elkhart... 8.C. 

C  SB 
OnQDlnehBm  ....S,C. 

Daolela  A S.C. 

Detrotter  6-4B...D.C. 
Dlile  Flyer D.C. 


Dorr)*  l-B-6.. 


Bade  A 8.C. 

Bliiii  IT 8.C. 

Blear  D-B-F. s.c. 


t  GO.. 


..S.C.    . 


Ford  T D.C.   , 

FrankilD  9 D.C.   . 

F,  R.  P.  45 8.C. 

OIldB  6-40.. 

[at  21  A.'.'.".  ."."'.S.C.    , 
lairoun  AAt,..S.C.    . 

layncs  12!.' „.   . 

lataeld  H S.C. 

lolller  ITS S.C. 

lolllw  178 B.C. 

Ind.  Super- Biz.. S.C. 

lupBiobfl* B.C. 

iBtw-BtMi  I....B.C. 


3<A  8.C. 
e-T  B.C. 
8-8  D.C. 


6-8  S.C. 

6-8  S.C. 

6  S.C. 


...2  6-7  S.C. 
2  6-7  S.C. 
2  3  8.C. 


18  B.C.. 

6  S.C. 

6-8  S.C. 


12  S.C.  ! 


6  V.V. 

10 

■■6b.c. 

{fi 

6  D.C. 

6-8  D.C. 
6  S.c. 
6  S.C. 
6  S.C. 
6  D.C. 


AUTOMOBILE  ELECTRICAL  SYSTEMS 

Complete  Electrical  Equipment 

LIGHTING  A  8TABTIN0       BATTERY      HEADLIGHTS 


OF  CAR 


Juckeon  349 A-Llte  2 

Jellery  671 BUur  2 

Jordan Bljur  S 

Kent Bosch  2 

Kins  E  E W.  Leonard  2 

KlEe«l  Kar Own  starter  2 

100  Ft.  e  Reniy  Gen. 

KlBsel  Ear.. .". . .  Own  starter  2 

0-42  West.  Gen. 

Kline  38 West  2 

Leilngton  B-0-17.West  2 

Leitogton  8-P.    .West  2 

Liberty   10-A Delco  2 

Loeomobila West  2 

l.ozieF82 G&D  2 

McFarlan  Sii. . .  West  2 

Madlaon  IBIT Bemy  2 

Halbohm  A Dlsoo  1 

Majestic  M W,  Leonard  2 

Mar.  H'dry  0-40, West  2 

Mar.  H'dry  6-60.  West  3 

MarmoQ  34 Bosch  2 

Maxwell  25 Slmms  H  1 

Mercer  22-73 U  SL  1 

Meti GAD  2 

Mltebell   D-40...  Split  2 

Mitchell    C-42-.  .  w'est  2 

MoUne  Kalght  G.A-Llte  start  2 

Wagner  Gen. 

Mollne  KnlRht..  .A-Llte  start  2 

Wagner  Gen. 

Monroe  M-3 A-Llte  2 

Monroe  M.4 A-Llte  2 

Moon  6-43 Deico  2 

Moon  6-68 Delco  2 

Moore  30 Disco  2 

Murray  TOT West  2 

National  12 BlJur  2 

National  6 West  2 

Oakland  84 Delco  2 

Oakland  50 Delco  2 

Oeren  6-30 West  1 

Oldsmoblle  45 . . .  Delco  2 
Overland, 

all  models A-Llte  2 

Packard  2-25 BlJur  2 

Paige  6-38 G  &  D  2 

Partln-P'lm'r  20.  .\111b-C  1 

Partln-P'ImT  32.  Disco  2 

Paterson  e-45 , . .  Delco  2 

Fathflnder  3-B. .  Delco  2 

Peerieas  56-2 A-Llte  2 


.  100  2  Bui 
ao  2  Fli_ 
100  2  Bui 


6  Sing  Wlllard    , 
6  Sing  Wlllard    . 

6  Sing  Wlllard 

e  Sing  Wlllard 

S  Sing  Wlllard 
6-8  Sing  Wlllard 
e-8  Sing  Wlllard 

5  Sing  WUlard 

6  Sing  Wlllard 
a-7  Sing  Wlllard 

12  8!ng  Detroit 
6  Sing  Wlllard 
6  Slag  Wlllard 

8  Sing  Wlllard  a     ov  ^.  • 

12  Sing  Wlllard  6     50  ■    I 

12  Sing  PrestoL  6     35  T  I 

12  Sing  U  S  L  6  100  2  I 

6  Sing  Wlllard  3     TO  2  1 

6  Sing  Wlllard  3     00  1  I 

6  Sing  Wlllard  3  110  1   I 

6  Dbl     Wlllard  3    ...   21 

6  Dbl     Wlllard      3   ...    21 

6  Dbl     Wlllard  3     80  1  I 

8  Dbl      Wlllard  8     80  2  I 

-   "l.g  Wlllard  3  103  1  I 

Sing  Wlllard  8  103  2  i 

—   -  Detroit  6     84  1   I 

Wlllard  3  110  2  i 

„„  Wlllard  3  JOO  2  I 

ng  Wlllard  3    05  2  I 

ng  Exlde  3     80  1  I 


ing  lard.GouldS     SO  1  Bi 


:  Detroit       3     80  2  Bol 


;  Wlllard      3  12S  2  Bui 
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LIGHTS 

LIGHTS 

LIGHTS 

OF  CAR 

li 

s 

i 

tl       1 

u 

ll 

ll 

li 

Jordan   

ISJee::; 

2 

1 

1  §:;:: 

71A   8.C. 

2 

20 

■•if.-' 

Kl«8el  Kivr.. 

...D.C. 

3 

e  8.C. 

2 

6  D.C. 

20 

6-42 

Kline  38 S.r.    . 

LeilngtoD  6-0-lT.t<.C.  . 
LPilDKton  I5-P...n,t'.  . 
Llbertr    10-A....SX'.  . 

Locomobile K.c 

Lo(l?r  H2 D.C. 

HrFarlan  «li...S.r. 
UadtiOD    1»1T...D.('.   . 

Uilbahm  A K.r.    I 

UajMlle   M S.C. 

liar.  Handler-  •  ■  »■<'■ 


Uar.  nmilvj . .  .8.C.  . 

MO 
Ifarmoo  34..... SO. 

Maxwell  SS X.C.  . 

Hemr  22.73..  ..s.r.  . 

Uet» H.C.  . 

Ultclwll   IM0...II.O.  . 

MItrbell  tM2. .  .I>.C.  . 

UollDe  KDlsbt  a.».V.  . 

yolloe  KDlKbt...8.C.  . 

llonroe  H-3 

Monro     -  ■ 


.  .S.C. 


Mood  8.4.1 . . 
Hood  0(10 . . 

Murray  la'.T'.'.'.'.n'.r. 

NatJoDfll  12 S.C. 

NatloaalH V.C. 

Oaklanil   34 R.C. 

Oakland  no B.C. 

Oftren   «-fiO n.C. 


all  models  ....D.a 
Packard  225.  ...PC 

False  0-38 S.C.  . 

Partln-Palmer  20.M.C.  . 

PartlD-Palmer  32.S,C.  . 

PaterMni  9-4S...R.C.  . 

P«UiflD()er3-[i...S.C.  . 

P«erleM  S«-2....».C.  . 


«-7 

6-7  D.C. 

fl 

»<■ 

7 

S.C. 

■-! 

7  8.0. 

30 

7 

8,C. 

2 

T  8.C. 

30 

! 

'.-'r- 

i 

i  ?>*:■ 

6 

»,c. 

2 

6  S.C. 

3  S.C. 

2 

8  3,C. 

10 

J'A 

^  !."!i" 
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Complete  Electrical  Equipment 


eXARTINQ  &  LIQHTINa 


MAKE  and 
MODEL 


BATTERY       HEUDLIOHTS 

i  i  3  1 


Pennsr  R Drneto  2 

Plerce-Arrow  aS.w'eat  2 

Plerce-Arrow  48,W«9t  2 

Plerce-Arrow  66.  West  2 

PllUod  P A-Lite  2 

Plla  6-46 Dei™  2 

Premier  6-B l>elco  1 

Princess  P Disco  2 

Pullman  424 Apelco  2 

Uegal  J Helnte-8  2 

Beo  R  A  S Rcmr  2 

Hco  M  &  N.....Keniy  t 

Roamer  RA Bljar  2 

Robs  BC VI.  Leona^  2 

Saxon  S  4 Waitner  2 

SaloD  B  S  R Waener  2 

Strlpps  Bootb  D.  Wagtier  2 

Singer  17 West  1 

Staoiiard  P Apclco  2 

Standard  E West  2 

States  B Dyneto  ^2 

Stearns  SK  8 Weat  '2 

Stearns  SKL  4 . .  Weat  2 

Stephens  Six ALIte  2 

Studebsker  SP,. .  Wagner  8 

Sua  17 Reniy  2 

Velie  27 Remv  2 

Velle  26 Remy  2 

Westeott  IT Deico  2 

Willys- Knight   . ,  A-Llte  2 

White  16-V-4....Leece-N  2 

Wlnton  22 Bljur  2 

WlQton  22-A Bljiir  2 


S  Wlllard      3 


Ing  Wlllard      3  lOS  2  Bnib  21  4 

■         6     80  1  Bulb  12  .. 

8     80  2  Bulb  IS  4 

A     HO  1  Bulb  21  . . 

S  1  Bulb  IS  .  . 

SI  Bulb  la  .. 

3     80  2  Bulb  IS  4 

»     80  2  Bulb  15  4 

3     SO  1  Bulb  IS  .  . 

3     80  1  Bulb  IS  .  . 

3     S6  2  Bulb  16  4 

3  120  2  FIm't32  6 


8  Dbl      Wlllard 


{  U  S  I.  or 
Wlllard    - 
i  Willnrd 


85  2  Bulb  IS  4 
120  2  Bulb  IS  4 
80  1  Bulb  IS  .. 
TO  2  Bulb  21     4 


Complete  Electrical  Equipinent 

STARTING  AND  LIGHTING         IGNITION 


Abbott  6-44 Remy 

Abbott  600 Remy 

Allen    41 Auto-L 

Americas   Sli <}  &  D 

Anderson  20 Weat 

Apperson  6-18 Bllur 

AppersoQ  8-18 Bljur 

Auburn   6-38 Remy 

Auburn  6-44 Delco 


Sing. 

Sing. 
Sing, 


Dbt. 
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SIDE 

= 

TAIL 



DASH 



UOHTS 

UOHTS 

LIGHTS 

UAKEand 
MODEL. 

i 

h* 

1        ^ 

ti 

1 

i 

S    i 

1| 

OF  CAR 

1 

<J 

ti 

■   ^ 

s 

tj 

f    1 

^K 

.c. 

D.C 

2 

D.C- 

Pierce- Arrow  38 

.c. 

"i  ad' 

B.C. 

B.C.  5 

io&sb 

Plerw-Arrow  4S 

.c. 

4 

e  S.C. 

2 

8.C. 

.10*80 

Pl«r«-Arrow  66 

.c. 

4 

6  S.C. 

2 

8-C.B 

10&30 

D.C. 

15 

Pilot  0-40.::::; 

:c: 

8.'c: 

2 

D.C. 

Premier    6  B.  .  . 

.c. 

6- 

B.C. 

2 

e^    c'bra 

Prlncew  F 

8.0. 

S.C. 

PDllman  424.-. 

:c: 

6- 

8.C. 

2 

6-     B.C. 

15   ■ 

B*g.l  J 

,c. 

8.C. 

2 

S.C. 

ReoR&S 

BeoMAN 

8- 

d:c 

3 

"  If 

6 

RonmerBA.... 

8.C. 

2 

10 

Ron  8  C 

D.C. 

2 

8>iOQ  84 

B.C. 

8.C. 

2 

d:c: 

IB 

BaioD  B  5  R. .  - 

.C. 

8.C. 

10 

Bcrlpp*  Booth  D 

8.C, 

"b    ,c. 

SlDKcr  17 

:c'. 

"a 

"e  B.c'. 

8.C. 

6  D.C. 

s&is 

.C. 

3) 

S.C. 

3V,      .C. 

oAia 

Standard  E.... 

.C. 

8^ 

3U      .C. 

6  A 16 

8t«tM   B 

1      ,C. 

Btearna  8KB... 

'26" 

12 

8:c: 

12  :c: 

20 

8tetKu    Bli^: 

S 

B.C. 

3  D.C. 

6-8 

6-8      .C. 

8unlT..'*!...: 

e 

s:c: 

6      .C. 

20 

Telle  at 

S.C. 

3      .C. 

VeUe28 

B.C. 

3  D.C. 

6 

WeMott  17.... 

St 

8.C. 

=1  & 

25 

sa-Wi.; 

8.C. 

D.C. 

12      .C. 

■Wlnton22 

C. 

6-     8.C. 

6-8      .C. 

20 

WlDt0D22-A... 

.C. 

e-7 

8.C. 

6-^      .C. 

20 

Tale  8 

.C. 

2 

3 

8.C. 

2 

3      .C. 

of  1918  Cars 

HEAD- 

SIDE. 

TAIL-               DASH- 

HAKE  and  MODEL 

LIGHTS 

LIGHTS 

iJGHTS            LIGHTS 

OF  CAR 

CP. 

Volt.    CP 

CP.        Vol 

Its      CP. 

Abbott  6-44 

Abbott  6-60 

Allen  41 6-8 

American  81z 

ADdertoo  20 

Api»em)ti  6-18 

ApDeraon  8-18 6-8 

AnEam  6-36 


2       tS-8  I 


AUTOMOBILE  ELECTRICAL  SYSTEMS 

Complete  Electrical  Equipment 


AoBlIn  12 Dei™  6 

Diddle GAD  6 

Hour  Davis  18-A. . . .  Bljur  8 

Hour  Uavls  18-B. .  ,  .  Remy  6 

Brewster U.  S.  L.  6  . 

Briscoe ...Auto-L  6 

Bulct  E-4 Dei™  6 

Bulck  E-6 Dei™  6 

Bush  18 Dyaeto  6 

Cadillac  B7. Deico  9 

Campbtll  Four Auto-L.  8 

Case  U West  6 

Chalmers  0-30 Wi^t  6 

Chandler  17 West  6 

Chevrolet  400 Auto-L  6 

Chevrolet  F Auto-L  6 

Chevrolet  D Auto-L  6 

Cole  860 Deico  6 

Columhla  Sli RAM  S 

Crawford  lH-e-40. ,  .  West  6 

CrowBlkhort D.vncto  6 

CunaloKham  V West  6 

Common  wen  1th   ....  Dyneto  6 

Daniels  B West  8 

Davis   H Delco  6 

DbvIb  J Delco  6 

Dispatch U.  S  L.  12 

Disk  Flyer ItyDsto  6 

Dodge N.  E.  12 

Dorrls  l-C-6 West  6 

Dort  S West  6 

Easle Wogner  6 

Economy  4-36 Dyneto  A 

Rcouoniy  S-48 Dyneto  6 

Elcnr   D-4 Dyneto  8 

Elcar    D-6 .DvDeto  6 

Elgin Wogtier  8 

Empire  .in Auto-L  6 

Empire  70 Auto-L  6 

Erie  38. Dyneto  8 

Flat    55 ., LeeceN  12 

Ford  T OwnllBhtEngoi 

F.  R.  P Bosch  j2 

Fraomin    9. Dyneto  12 

Ohent  e  80 Auto-L  6 

Glide  8-40 West  6 

Hal  12.  '.'.'.'.'.'.'.'.'. '.'.West  6 

llarroun  AA-1 Remy  6 

Harvard   4-2B Wagner  8 

Hatfield  A ^  Dyneto  8 

Haynes  6. Leece-N  S 

Hoiller  10fl!;;"";SplU  8 

HolUer  ISg RpllC  8 

Homer-LauBhlln   IKRDlsco  12 


Remy 

„    Boscli 
.ng.  Conn 

ng.  Delco 


1?     Sing. 


Batt. 
Batt. 
Mag. 


fatt 

Remy 

St»K. 

Conn 

A.  Kent 

;::: 
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of  1918  Cara— Continued 


TAII^  DASH- 

LIGHTS  LIGHTS 

VolU      CP.        VolU      CP. 


Balch  B-S.. 


Columbia  Six... 
Crawford  18-6-4(1 
Crow-EIkharl  .. 
Cunningham  V. . 


0-8        12        6-a 


-   0-a 


CadlllBC  57 0-8 

Campbell  Four 

Case  U o-S 

Chalmers  0  30 0-8 

Chandler  IT 0-8 

Chevrolet  490 6-8 

Chevrolet  *■ 

Chevrolet  D 


.   6-8 


21 


Elcar  D4 

EiKin  ..',.■■.::::::::  . 

Empire    30 6-8        18-21 

Empire   70 6-8       18-21 

Erie  33 

Flat  55 

Ford  T 0-8 

P.  R.  P ... 

Franklin  0 12-10 

Ghent  6-60 

•  Glide  6-40 

Qront  Q. 0-8 

■  Hal  IS 

Harroun  AA-1 o-s 

Harvard  4-25. 

Hatfleiil  A 

Haynea  6 s-S 


AUTOMOBILE  ELECTRICAL  SYSTEMS 
^ Completg  Electrical  EU^uiptnent 


HAKE  >nd 
MODEL 
OF  CAB 


Badson  Saper-SU..  .Delco 

nupmobile  1  B Bljor 

lDt«r-8tate  T Bemr 

JackeoD  3S0 Auto-L 

JoueB  S56 Anto-L 

Jonlao  SO BUar 

KlDS  I)E: BUar 

KlBSel  100  pt OWD 

Ktuel   Dbl-B., Delco 

Kline  6-38 WeM 

Lexington  B West 

Liberty  lOB Delco 

Locomobile  SS West 

Locamobtle  48 West 

Madison  Rem; 

Halbobm  A Diaco 

Malbobm  B Wagner 

HarloD-H'd'lr  6-40. .West 
Harlon-H'd'lj  8-60.. West 

Jdanuon  34 BoBch 

Harwell  2S Btmma 

McFarlao  6 .^Weat 

Mercer  22-T3 U.  S.  L. 

Meti  25 West 

MItcbell  D-40 .Split 

Mitchell  C-42 west 

Mollne-Kolght   C... Auto-L 
Mollne-K night  Q. ..Auto-L 

Monitor  C Belnie 

Hontlor  B Heluze 

Monroe  M-6 Auto-L 

Moon  6-36 .....  Wagner 

Moon  6-45 Delco 

Moon  6-66 Delco 

Moore Disco 

Martar  70 Weat 

Nash  681 Delco 

Naeh  684 Delco 

Katlonal    6 West 

National    12 BIJur 

Nelson U.  S.  L. 

Norwalk  18 D^iieto 

Oakland  34-B Remy 

Oldsmoblle  87 Delco 

Oldsmoblle  4S Delco 

Olympian Anto-L 

Overland  90 Auto-L 

Overland  8S-4-. Auto-L 

Overland  85-6 Auto-L 

Owen-Hag  M-25. . . .  Own 
Owen-Mag  0-86...,  Own 

Packard  B-SS Bllur 

Packard  8-35.......ni]ur 

Paige   6-B9 O&D 

Paige  S-S5 Remy 

Pan-AmulGBD  O  6-6. 0  A  o 


mni; 

^a'fi- 

» 

£°?S 

»„. 

Sing. 

B«tt. 

TABUS  OF  ELECTRICAL  EQXnPMENT,  1916  TO  1920  C 
of  IdlS  Cars— Continued 


Volti    CP.      Volta      CP. 


HuilKD  Super-SU,. 

6-8 

6-8 

15 

Inter-State  T. 

«-8 

16 

JSCkSODSOO. 

Ota 

KlDK  EE 

8-8 

18 

iSlf!S.S'v.-v. 

12-10 

Ham 


a  34.. 


.  6-8 


Uamell  2S e-8 

HcFarlan  6 6-S 

Mercer  22-73 

Meti  2B 6-8 

Hltcbell  D-40 6-S 

HltPbell   C-42 6-S 

UollDe-Knlsbt  C...  6-8 
Mollne-Knlgbt  O 6-8 


Nelson 

Nornalk  18 

Oshlaod  S4-B......  6-8 

OMBDiQl>lle  37 e-S 

01dsm<tbt]e4S d-S 

Olympian  ... 

Overland  90 6-8 

Overland  8B-4 

Overland  85-S 

Owen-Mag.  M-25 

Owen-Mas-  0-36 

Fackard  3-2n 8-8 

Packard  B-35. 0-8 

Paige  6  39 6-S 

Paige  S-55 6-8 

P«n-Am«rlCHD  Q6-n.   ... 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Complete  Electrical  Equipment 


STARTING 

AND 

IGNITION 

— 

HEAD 

LIGHTING 

LIGHT 

HAKE  and 

OF  CAB 

., 

S 

s 

. 

ll 

■s 

s    s, 

1 

o 

S 

e 

1 

Is 

f 

z    S 

Pater  on  e  45 

reico 

~ 

2 

ine 

Deleo 

Batl 

■ 

bins 

PatUflnder  B 

D   CO 

2 

b>!De 

Delfo 

Katt 

■I 

Peerless  56 

AutoL 

6 

'■iDB 

A  Kent 

■>/ 

PeDDxv  4  B 

Conn 

Butt 

■ 

PeiiDEy  e  a 

Helnze 

6 

2 

b]S« 

HelnM 

Bfltt 

■ 

PhianHH    M 

WardL 

6 

Db 

Bosch 

Pierce  Arrow  38 

SIDK 

Mag 

■h 

Pierce  Arrow  48 

« 

1 

smi 

Bosch 

Mag 

4 

Sing 

Pierce-Arrow  66 

West 

SiDS 

Bosch 

Mug 

Sing 

Pilot   6  43 

-.ini 

Batt 

J 

Premier  6-C 

Deleo 

e 

Mug 

DelTO 

Batt 

' 

Sing 

Beeal   4 

AutoL 

•■inB 

A  Kent 

Batt 

: 

Re  ere 

Bijur 

6 

Slut 

Hos  h 

Mag 

1 

,    Dbi 

Remy 

6 

'"Ing 

R  my 

Batt 

5 

Beo  M. 

ling 

• 

Rosa 

\\ata  I, 

6 

SlS5 

A*^Kint 

Batt 

n  attoer 

Sing 

A  Kent 

J 

t>n(t 

Saxon  S  4 

Wagner 

6 

Slug 

Batt 

' 

■'Ing 

Scripps  Booth  D 

'■Ing 

Remv 

Batt 

: 

sing 

Serlpps  Bootli  S 

i*F 

G 

SiD 

Batt 

Sing 

Seneca  A 

Remy 

Bntt 

ShaflBiek  A 

9 

Ma 

nen 

Sing 

Singer  18 

■nUt 

e 

2 

Sin 

Mag 

Standarl  O 

SlHK 

Bo-ch 

Mag 

ItatPS  C  IS 

D  *ncto 

e 

Hng 

MflL 

blog 

Steams  KDl»!ht  4 

12 

2 

Sin, 

Batt 

8teerD<Katfflit  S 

Beniy 

Ball 

Sing 

Stephens  7o" 

Del  n 

6 

2 

mSJ 

temy 

SinI 

StUlelMker  4  40 

6 

2 

ling 

tMco 

Bait 

Sing 

Sti  debater  6  50 

Waener 

"ing 

Sing 

StHtZ 

2 

D  1 

ten 

Batl 

\clle  ?S 

1 

Hng 

losch 

Mag 

i    nil 

Velie  39 

Slog 

Renv 

B^tt 

Sing 

West  ott  18 

Dei™ 

2 

p,F 

(eray 

Batt 

Slug 

White 

Lee  pN 

Delco 

Batt 

Sing 

W  llj-  Sis  Rft 

A    (oL 

2 

Mag 

Dbl 

W    jsKniRht 

AuloL 

fl 

Bine 

Dbl 

W  llYB  Knight 

filj'r 

2 

SlQg 

Mng 

?s 

Batt 

Dbl 

Sing 

W  ntOD  48 

Sing 

Kosch 

Mag 

Sing 

Woods  Dual  54 

Sppctal 

Bosch 

Mag 

Sing 

YaleM 

BiJur 

« 

2 

Sing 

A  Kent 

Batt 

_ 

Al  breviattons  'Do  hie  eonlnct  fsinE  e  cnntnct  Jdlmmer  SUrtli 
Neiillc  N  E  NoHh  East  R  &  M  R  biriq  &  Mnyera  Wanl  L  War 
tlon      Codn    Conneitliut     A    Kent    Atwater  Kent     Batt    Battery     Ma 


Dpi  .?d  by  Google 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1S16  TO  IBM  CAKS 
of  1918  Car»-Conclude<l 


TAIL-  DASH- 

UCHTS  UCHTS 

VtJU      CP.        VoluCP. 


raterson  US r,  K  12 

Palbflnder  U ■  ■  ■ 

Pcerteaa  CO 

PeiiBaf  4-B 

Pninir  0-8 

PblBDDB    U 

Plerce-Arrow  38 6-S  21 

Plerc«-Acrow48,...   B-S  21 

Pltrce-AiTOW  60 0-8  21 

Pilot   6-45 -; 

Prpmler  6-C 0-S  ^1 

B^fSle^:;;.;;;;.-;.:  o^s     26 

Heo  M,V .■,'.'.'.".'.'.'.".". 

s^dB-s!!"'.;;:'.  o^><     if 

BaiOD   8-4 a-b  18 

8crlpps-Boo»h  D 

Sen  pps- Booth  8 

8hBd-w.vct  a;;;::;  ".. 

Slniter  18 •■■  ;- 

Btandard  0 0-8  •■° 

Slearas-fenlght'i: '.  -ji-ifl  j;; 

Btearna-Kulght  8. .  .12-10  J" 

Btephens  70 0-S  i-i 

Stndelmker  4-40 0-a  i- 

Stadebeker  6-50 -■■  :■ 

StuW S"S  }- 

Telle  38 O-"  Jj 

Velle  39 «-3  !;^ 

WMtcott  18 ,^-J„  JJ 

White 12-10  21 

Willie  SU  80 «-2         }5 

Willys-Knlglit "-3         JJ 

Wlllya-KDlgbt  S"         }'J 

wtntoD  a.i. "■'i       ]■: 

WlDtaD48 ON  1^ 

Wooila  Dnnl  ri4  . . .  .      ■ 
YaleH ■ _■ 

and  LtghtinB;  Anio-L,  A"*"-^"'  .,,,, 
L««Dan1 ;  West.  Wpstlnghoiise.  Wirlr 
iuieto.    Spark  Plug  ;   Met,  mctrltaJ 


k  D.  Gray  &  DutI 


D,o,i.?dhyGoo<;le 


ADTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

Fob  Lahp,  Spakk  Plus  and 


Haka       »stt       Hake       kee 


Bern. 


Allen  41 Single  Conn. 

Amerloau  B...SIuH]e  At  Kent. 
AnOerson.  AH.. Single  Conn. 
ApiierEon  8-19. Single  Remy 
Auburn  S-39.. -Single  Bemy 

Austin  12 Slnsle  Delco 

Blddle  U SlDgle  Elseniann 

Birch Single  Conn. 

Breivster Single  Conn. 

Briscoe  4-24..  .Single  Conn. 

Bulck  Single  Deico 

Cadillac  67....  Single  Del™ 
Campbell  C-4..iJlngle  At-Kent. 

Case  U-19 Slnale  W*st 

Chalmers  3SC..  Single  Bosch 

Chandler Single  Bosch 

Chevrolet,  AH.. Single  Beiuy 

Cole    870 Dual     Delco 

Columbia,  All..  Single  Al-Kent. 
Comet  C-Sl....  Single  Detco 
Crow-Elkhart 

K-ae single  Conn. 

Cunningham 

V-3 Single  Deleo 

DaolelB  8-B.. . .  Single  West 

Davis BoBch 

Dlile  Plrer..  ..Single  Conn. 

Dodge    Single 

Dorria    Single   

Dort  IS Single  Conn. 

Elcar.  All Single  At-Kent. 

Elgin   H Single  Wagner 

Essei  A Single  Delco 

Fopa  T* Single  Own 

Franklin  9 Single  At-Kent. 

GetoDlmo    Delco 

Glide    6-40 West 

Harroun    Single  At-Kent 

Harvard  4-20 At-Kent. 

Hatfleld  A Cono, 

Havnes,  Alt Single  Delco 

Holller,  All Single  At-Kent. 

Uolmea    Single  Elsemann 

Hudson  Super    Dual     Delco 

Six 

Hupmobtle  B.  .Single  At-Kent. 

Jackson Single  Remy 

Jones Single  Remy 

Jordan Single  Delco 

King  8 Single  At-Kent. 

Klasei Single  Bemy 

Kline  642- S8. ..  Single  Conn. 
Leilogton  R.19.Slnele  Conn. 
Liberty  10B...Dub1     Delco 
Locomobile  3S-2DuaI     Berllng 
Malbohm  B.. ..Single  At-Kent. 

Marmon  34 Single    Boicb 

Maxwell  2E Single    

UcFarlan  12?..  Doul>le  Bosch 
^^^Pl^er.  4..  Single   Berllng 


Hand  A-L 

Hand  West 

Hand  West 

Hand  Bljur 


5  A-L 
0  West 
«  West 

6  Bljar 

8  G*D 


U^nd    Delco 

H«A  Dyneto 

Hand   Dyneto 

0  Dyneto 

6 

and    Drneto 

a  Weat 

« 

"fc^ii^ico---- 

■fb^ico"*' 

fl 

;::::  K?" 

8  RC- 

I 

«  Remy 

« 

HAA   Bijur 

I 

land    Bemy 

Bemy 

TABLES  OF  ELECTRICAL  EQUIPHENT,  1916  TO  1020  CABS     6SS 
of  1919  Can 

How  EqCTPlilNT,  m  ptgn  553  ud  559 


HaJu 


Aap.    Volt-  Sn-  Sn- 


t   Um   tem      Trp<  Volt*  Amp 


Allen  41 D.  8. 1.        DO  fl 

American  B Columbia    80  B 

Andenon,  All Willard      6. 

AppcrBoD  8-10 Wlllam       »0  S 

Au6um  ess Willard      SO  « 

Austin  12 Willard      8 

Blddle  H Willard       90  S 

Birch Willard      60  fl 

Brewster 

BrUcoe  4-24. D.  8.  L       80  < 

Bulck   U.  B.  L      80  « 

Cadillac  6T Bilde        0 

CampbeU  C-4. Willard     

Caw  U-l» WllUrd    117%  S 

Chalmen  SSC. Willard      »3 

Chandler Willard     100  6 

Cherrolet,  All Wlllacd       80  8 

Cole  870 Freit-O-L    SO  S 

Colombia,  All Prest-0-L   80  S 

Comet  C-61 Willard      TS  8 

CTDW-Blkbftrt  K-86 WUIard     6 

Cunningham  V-Z. Willard    120 

Daniels  8-B Willard    100 

Da»U   WllUrd     

Dixie  Fljer Willard      6-00 

Dodn Willard     U 

Dank WllUrd    110  0 

Dort  10 Willard      86  6 

Blear,  AIL Willard      00  6 

Elfin  H WllUrd      m 

Biaei    A lOG  8 

Ford  T* Exide         80  « 

FnokllD  9. Wtllard      SO  12 

OeroDlmo Willard      88  6 

Glide  e-40 WllUrd      80  6 

HarroDD WllUrd      60  0 

Harvard  4-20 Nat.Crb 

Hatfl«ld  A WllUrd     100  « 

Harnea,  AIL WllUrd    120  S 

HoIUcr,  All Qould         50  8 

Halmea ColnmbU  100  12 

Hiidion  Super  Bli Bilde        100  « 

Hupmobile  B. WllUrd      87%  8 

Jackson Prest-O-L  120  « 

Jonea Pre«t-0-L12D  6 

Jordan  WllUrd    100.8  S 

KIDE  6 WllUrd     117.S  0 

Klasel  WllUrd      SO  8 

KUi]ee42-8S Pcest-O-L  80  6 

t<eilDKton  B-l». WllUrd     14W  8 

Llbert7  lOB WllUrd       88  8 

Locomobile  88-2 WllUrd     120  8 

Ifalbotun  B willard      80  8 

Uannon  M Peat-O-L.  ISO  « 

B»«w»U  30 Pr««t-p-L  8S     ,  la 

cFartan  127 Wil-   fOAmp.  )  « 

UrdlST.S  b.p.  J 

K«Ktr,  Bar.  4 Wiiiuil      90  6 


l^SO 

So 

«' 

OT 

8 

IB 

AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

Foe  Laup,  Spabk  Pldg  and 


HAKE  and 
MODEL 
OF  CAR 


GENERATOR 


ase       Ukke       >«■ 


National  e.. 
National  IS. 
Oak  land  34  1 
OMsnioblle.  a 
Olympian  4u . 
Orerlund  00.. 
Packard  325. 
Paige,  all 


Premier  B-C. . 
H«i  T  &  U . . . 

Roamtr  6-M. 
Saxon   X-16.. 

Sajprs  

Scrlpps-Booth 

Beneca  H 

Blnget  "Ift"... 
Stamlaril  N  G.. 
Btanlpy  TS.'.. . . 
Stearna  SKL.4. 
Stephens  Te. . . 
Stuil«l)iik«r  EH. 

ftutz  Q  

Templar  445.. 


. .  Single  Rcmj 

i'iKlni.'lc  

.  .Kln=lc  Delco 

.. Single  Coon. 

..Single  Uelto 

..Single  Delco 

..  Single  Delco 

..Slnule  

1.  Single  Remy 

Single  Conn. 

Single  Conn. 

Single  Dei™ 

Slugle  Remy 

Dual  Dflro 

Single  At-Kent 

.Double  lloBch 

Dual  Dek'O 

Single  Dek'O 

.Single  Bemy 

Single  HosA 

.Single  Itosfb 

.  Single  Remy 


Ingle  Dell 

Single  Re  my 

Single  

Single  Itanch 

Single  Split 

Single  Re'my' 

Single  reico 

Single  Remy 

Single  Remy* 

Single  Dei™ 


VpUp   a 

Weftivitt Single    Delco 

Willys-Knight 


IT" 


.y&Davla  6  Ora 


HaniJ    West 


Nort^  East 

injur 

Wagner 


.  NorQiEa«t 
Bijur 

I  Wagner 


OF  CAR       Contoct    \ 

Allen  41 Single 

Amerkan  B Single 

Anderson,  all Single 

ApperuoD  8-18 Single 

Auburn  »-aS Single 

Austin   12 Single 

Riddle  U tJiaglc 

Birch Double 

Brewster 

Briscoe  4-21 Single 

Bnlch  Single 

CaflUUc  6T 

Campbell  C-* 

_  ^le  U-IB Single 

■palmers  35-C..  ..Single 


6-8       2     a6-« 


TABLES  OF  ELECTRICAL  EQUIPMENT,  lfll6  TO  1920  CAES      557 

of  1919  Cars— Continued 

Horn  EkjniPMENT,  see  pages  558  and  559 


Wir-  ElM- 

Ikk    trie 

IP.     VoM-ays-  Sys- 


FUS&3 
Tie  Volts  Amp 


Wti^bell  E-40.. 


..Willflni     120 


Wills  rd  133 


Stanclartl  R  G   . 


WlntOQ  Sis.  all.. 


S  Cart 

R  Q   T. 

S  Wire 

_  S  C.  B, 

2  Gl  fi.T. 


SPARK  PLUGS 
Dlun.  Thread 

Inchea  Fitcb 


Allen  41 

Anderson,  all.... 

:::i:S:::::::::: 

S?ii?^''.v.v.v; 

.'.'.'.Spllt'loit".'.'.'.'. 

ulek  ... 

•..•Ji£°:::::::: 

Campbell  C^4. . . . 

•■••}•  s 

-ChalmerB  3S-C-  • 


automobile;  electrical  systems 


Electrical  Equipment 

F<»  iQNiriQN,  OENERiTOB,  MOTOR, 


LAUF    CANDLEPOWEtt.    VOLTAGE    AND 
TYPE  OF   BASE 
HEAD-  SIDE- 


T  AIL- 
MAKE  Biid  MODEL  LIGHTS  UGMTS  LIGHTS 
Contut   VfJM       CP.     IVots      CP.      VolU  CP. 


Cbandler   SiDsle  e-S 

Cbevrol^t.  Ill Single  0-8 

Cole  870 Single  9-8 

Columbia,  all Single  0-8 

Comet   C-El Single  0-6 

Crow-Elkhart  K-30 S-8 

Cunnlngharo  V-3 6-8 

Daniel!  S-B Single  B-8 

DbtIb 6-8 

Diile   FIjer Double  6-8 

Dodge   Single  IZ-IS 

Dorrls  Single  6-8 

Dort  19 Single  ft-8 

Elcar.  all fl-S 

Elgin    H Double  S-8 

Essex  A Single  6-8 

FraDlillD'oi:!!X:itaubie  12-18 

Oetonlmo    Single  e-S 

Glide  6-40 Single  5-8 

Harroun 6-8 

Harvard  4-20 6-8 

Hatfield   A Single  6-8 

Bajnea,  alL  1 Double  6-8 

Holller.  all Single  6-6 

Holmes    Double  12-16 

Hudson  Super  Sli.Slngle  6-8 

Hupmoblle  R Single  6-8 

lonea  .l Double  6^ 

Jordan Single  6-6 

King  B Single  6-8 

Elaael Single  6-8 

Kline  642  8.  8 Single  6-8 

Lexington  R-19. .  .Single  6-8 

Ubertr  lOB Single  6-8 

Locomobile  38-2..  .Single  6-8 

Malbohm   B Single  6-8 

Mannon  34 Single  6-8 

Maiwell  2C Danble  12-16 

UcFarlan   127. ..  .Single  6-8 

-   Hercer.  Ser.  4 Single  6-8 

Mltebell  E-40 Double  6-S 

Mollne  Knight  L •6-8 

Monllor 

Moon,  all Single  6-8 

Moore  80 Single  8-8 

Nash   Single  6-8 

National  6 Single  6-8 

National  IS Single  6-8   . 

Oakland  34-B Single  6-8 

Oldsmoblle   37 -A 6-8 

Olympian   45...- 

Overland  90 6-8  ' 

Packard  3-2e Single  6-8 

Paige,  all Single  6-8 

Pateraon  6-4B. 6-8 


12-18    2     12-18 


6-8       2     d6-8 


3-4       2  d»8-4 


6-8       2    4fr-8 


9.  A.  STARTmQ  AND  UGHTDJG  SYSTEM  FOR  FORD  CABS 
of  1919  Car»-Continu«d 

BjiraBT  AW>  Fnai  EwminNT,  we  pigw  5M  md  555 


^«:  ■:'■:■•■:•: 

Daniel*  S-B 

.IS:::::::: 

:  i 

■  » 
:  % 

i  ^ 

is 
is 

18 

is 

is 

;i 
It 
ii 

18 

is 

1 

.1 
1 
1 

8 

1 
1 

KK 

Trojan 

Dorril  

..    bamplon  .. 

■■  ^"c"?!?.;: 

K: 

Sl^;;;;:;;;; 

;i|r™-- 

B~ 

aude"wo;. 

::fe:: 

KS 

H^dS^  Snp^rBU.' 

jS-.:  ::;::::: 

•l'*?"^::: 

LeHnjtonB-W... 

KJn"  aV  ■■.■■■ 

'.'Chftm'pion  " 

..ChamploD  ., 

B.  A^fiib. 

SS;;;; 

ilCbamDlooii 

::?SS?E:::. 
■.■fc'"::: 

::!■  g::::::: 

Klafon 

Oldsmoblle  ST-A.. 

..A     C 

dijmpTan   45 Champion  . 

OTcrland  M Champion  . 

Packard  8-SS A.   C 

^igo.  all A.   C 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

For  loNiTios,  GESEaATOR,  MoTOH, 


and" 

— . 

ConUet 

Ul' 

LI'. 

Peerless.  Ser.  4. 

.KlDRle 

H^H 

18 

fr-8 

ft-8 

.I>.mlile 

6-B 

•21 

•6-8 

u 

6-8 

Studebalier  EH. 

6-8 

6- 

6-8 

S 

TS 

i 

U 

„fc 

Tulsa  A-r>-i.... 

e 

6^8 

12 

6-8 

6-8 

Willys- Knight  88 
WlDtonSli22., 

7.4  S-^D-2 
.Slnfile 

•  Rtarttng  and  Lighting  Id  clc 


atd  models  oDl;.  Igal- 
We»t,  Westlnghouse ; 

S.  A.,  Seml-Automatlc. 

teece-V,  Leece-Nevllle ; 

-     B.,  North  East;  SpHt, 

tiiorf.    Motor  i  A-L,  Anto-Llte  -.OdD,  Gray  t  Davis  ;  Leeoe-S,  Leece- 


D,o,l.eSHyGOOg.lC\ 


TABLES  OF  ELECTRICAL  EQUIPMENT.  1918  TO  1920  CARS      561 

of  1919  Cars— Concluded 

Battery  um  Fuse  Equipment  see  pages  S54  aod  555 


HAKE  and  MODEL 
OF  CAR 

Make 

In^h"^ 

Thread 
Pitch 

horn' 

Peerless  Ser.  4.... 

.A:   C    ...... 

it 

.      % 

.   % 

■  % 
■-   % 

'■   % 

■  % 

■  % 

18 

is 

18 

^^H^^o^n" 

(Trojan 

ISS:,iM;;:;:: 

Saion   T-16 

Bareni 

Scripps  Bootb 

.Kajah    

.(.■aomplon   .. 

.A.    C 

:^g;:::;:: 

.Splltdorf  ... 

:|:|k:T: 

J  Champion"; 
.Champion    .. 
.Champion   .  , 

Klaxon 
Spartan 

Stewa''rt* 
(Trojan 

Fllagerald 

IE: 

StilSebaker   EH.... 

Templar   44B 

kIS;."" 

Wmton   Bis  22.... 
Willys  Knight  88-7 

Champion  .. 
XhamptoD  .. 

A.  l"" 

Eleftnc 

Prett-0-L,  Prest-O-Llte,     Wiring 

■-      ■.:,    '.  ..  Icnf 

■,  ignition  separate  i  OU,  Geo- 


Bidetight  1  d, — double  ci 


Dpi  .?d  by  Google 


AT7T0M0BILE  EI^CTBICAL  8Y8TBMB 


Electrical   Equipment 

-  Fob  Lua,  ^abi  Plus  aso 


GEHEBATOR         HOTOB 

VoH-  V<i«> 

lUka      xe      lUke      as* 


Allen,  43. Sinsle  Conn. 

Amerlcao  B. Single  Conn. 

ADderHDQ,  All..,.  Sincle  Remy 

ApperBOn,  All Single  Raaj 

Arsoniie,4 — Ei»e. 

Anbnrn,  A-39. Sfnsle  Renir 

BegKS — -  Conn. 

Biddle,  B-1 A  „,     .  „, 


Bour-DaTla,  2ft.  Sinsle  Remr 

BrewBt«i Sln»le  Berilnar 

Briscoe,  4-34. —  Sinsle  Conn. 

Bulck —  Single  Ddco 

Caaillac,  B7 Si-iele  Deleo 

Cafie,V -. Sinaie  Wot 

Chalmtra,  3B-C..  Single  Remr 

Champion -  Single  Deico 

Chandler.  All Single  BoMh 

Chevrolet,  All..-  Single  Remjr 

Cleveland.  40. Single  Q.  4  D. 

Cole.  All Eingle  Delco 

Columbia -....  Single  At-Kent. 

Comet,  C-E3 Single  Wasner 

Commonwealth  Single  At-Kent. 
Crow-Elthart, 

L-6B...„ SlDSle  Conn.  Hand    Dyneto 

H'5B. -.- Single  Conn.  Hand    Dyneto 

CnnulUKbam 


A-L 

t  A-L 

and 

Bemy 

SRemy 

Hand 

OAD 

e  QAD  ' 

Hand 

Dyneto 

•  Dyneto 

Hand 

Wagner- 

Dyneto 

gDyneto 

S  Wert 

A  A  Delta 

SDdeo 

and     Dyneto 

S  Dyneto 

Kfonomy.  6-46.. 

fS?dfT".":.:.:rr 

Kngle 

Own 

Hand     Own 

■  Own 

Band    Wert 

■  Wert 

Hand     A-L 

{fr/en, 



TABLES  OF  ELECTRICAL  EQUIPMENT,  1916  TO  1920  CABS     663 

of  1920  Cars 

Horn  EqtnFHGNT,  see  pages  55S  and  559 

BATTERY  of              FUSES 
WiT-  EJec 

HAKE  and  MODEL  Ine    trie 

OF  GAR                                        Amp.  Volt-  Sye-  Sys- 

Make       Hr.  age   tfitn   tern      Type  Volts  Amp 

AlleD,43-.. Prest-O-L   SO  6         1  GI      GT          6              IS 

American,  B -    WiHard        Bl>  6         1  8        3-A         1.2»       20 

AndersoQ,  All Willard        80  6         IS"    SAE        8                5 

Apperson,  All Willard      108  7         1  S        Open      1.250       10 

Argoane,*. Eilde  100  12         1 12  20 

Auburn.  6-39.., Willard        80  6         1  S 8-8  25 

Beggs Elide           SO  8         1  QT    Cart.       B              IS 

Biddle,  B-1  tc  B-B... Wlllatd        90  3         1  S        GT          6              10 

Bour-DoTiB,  20. _ Wlliard      103  6         1  8        QT          6              16 

Brewater. ~  ~ 

Briscoe,  4-34.... «    Preat-O-L  80  6         1  OI      GT          S              20 

Bulcli Willard        SO  8         1  S 

CndillacST. Eiide  130  8         1  OM    ......".■."."    Z'. 

Case,  V Willard      117^4  6         1  GI      5AGT     90           106 

Chalmers,  30-C. Pjest-O-L  105  6         1  _ 8  IBl 

ChamploD Willard        M)  8         l  8        GT          6            200 

Chandler,  All Preat-O-LlOS  8        1  8        GT         a 

Chevrolet,  AIL Willard        80  8         1  GI      GT          6 

Clereland,  40. Prest-O-L   94  6         1  8        GT          6 

Cole,  All , Prest-O-L   [JO  6         IS _ 

Columbia. Prest-O-L   SO  6         1  S        .., .,  ._ 

Comet,  C-5S. Willard        75  6         1 

Commonwealtli Prest-O-L  105  6 _ 

Crow- Elk  hart.  L-» Elide         120  6        1  ,_.      Cart.      6           10 


Crow- Elk  hart,  H-50^- 


Exi. 


.    Willard       140 

Wlllara       90 
.    Willard     8-SO 


Dort,  15 

duPont,  A 

Econonif ,  6-46....- 


inomy,  8 

RT.MI-. 


U.  S,  L.        86 
Exide  115 

Willard       00 


Willard     100 


'Sle 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical   Equipment 

For  Laup,  Spask  Plug  and 


MAKE  and 

IGNITION 

GENERATOR          MOTOR 

MODEL 

3VS. 

Con- 

Volt-                       Volt- 

OF CAB 

Make 

trol 

Make 

age       Make       age 

Hsjnes.  All 

Single 

Opt, 

Hand 

L,uce-N 

6  Luee-N              t 

11.  C.  S.  apMial. 

Delco 

Delco 

Delco 

Homer,  ZOfl-B... 

siiigie 

Haiiii 

SingJe 
Single 

Dj'neto 

Hudaon.  d'..-!..- 

ffiSt 

Slnicle 

Conn. 

Hand 

Dyn«o 

6  Dyneto               8 

Single 

At-Kent. 

Hand 

«  Wert                 e 

Remy 

Hand 

A-L 

6  A-L                    « 

Jones.  AU 

Single 

«  A-L                  e 

Jordan,  F. 

Single 

Delel 

Hand 

Deleo 

6  Delco                  ( 

Jordan.  H. 

fflngle 

Dek» 

Delco 

6  Delco                  « 

Kenwortftjr 

Kln»,H..    ..   - 

Sfngie 

Atlkent. 

Hand 

"e  v^"           "e 

KUwL 

Sinile 

Remy 

Hand 

Remy 

e  Remy                  S 

KIbw,  »^E-J 

SfaiKle 

Hand 

Wagner 

I  D^"             S 

LaFayBtto 

Double 

Deko' 

H&A 

Delco 

L«wh. 

West 

LeilnstoB.  S-ZO- 

fUngle 

crn'! 

*Hand 

G&D 

Uberty.  lO-C 

Single 

Wagner 

«  Wagner             < 

Loooaobile.  48... 

Dual 

Beriing 

Hand 

Wert 

Lorralnt 

Single 

Hand 

fl  w2t                   8 

Maibohm.B„ 

Single 

At-Kent. 

Hand 

Bliur 

fl  Bijur                  8 

Harmon,  34 

Single 

Defeo 

S  Delco                  « 

Uanhea 

Hartln-W<up...„ 

Maxwdl,  26 

single 

AtliCe'nt. 

and 

Wmti^Hntt 

li  simmfr-Hnff    12 

McFarlan,  127-.., 

Double  Opt, 

6  Wert                   8 

Mercer.  S«r.  S 

Single 

Beriing 

a^ 

wltt 

MeWor.  KR 

Single 

BEjur 

8  BUur                  S 

Met..Mtt«*rSix 

Single 

Coll"' 

tnd 

Wert 

8  Wert     .              8 

Miltbell,  F-40 

Hemj 

Remy 

8  Remr                 6 

Monitor. 

Single 

Conn 

and 

Dyneto 

e  Dyneto 

Monroe.  S-9 

Single 

Hand 

6  A-L                     8 

Moon,  6-48 

Single 

W^er 

Auto 

mico 

Hoon,  «-6S. 

Single 

Delco 

8  Delco                  8 

Koore.  F... _ 

Single 

Conn. 

Hand 

A-L 

8  A-L                    8 

vSSz::. 

Sfnsk 

Wajiiw 

beico' 

Single 

Delco 

H£A 

Wert 

e  Wert                   8 

Nel.oo.a 

Stn^e 

BoKh 

Hand 

U.  S.  L. 

Nwia.  1-B 

Slnxle 

Dcico 

Delco 

8  d4ico'    ■        a 

Single 

Hcmy 

e-S  Remy                 6 

Sinele 

Bosch 

Hand 

wirt 

8  Wert                a 

OMamobllc.  si-A 

Single 

Remy 

Remy 

Single 

Delco 

ntnd 

DelcS 

6  Delco"^                 « 

Oreriiind.  4 

Single 

Conn. 

Hand 

6-8  A-L                     e 

Packard.  S^... 

Single 

Delco 

HfiA 

e  BIjur                  a 

PalBe.AU. 

Single 

H&A 

6  G&D                 1 

All 

Single 

At-Eent. 

Hand 

Farentl 

Patwi«a,MT~. 

d;;^- 

bIriM" 

H^d 

bdco* 

"«  Mm"             "i 

TABLES  OF  ELECTRICAL  EQUIPMENT,  1918  TO  1920  CABS      665 

of  1920  Cars— Continued 

HOEN  Equipment,  see  pages  55S  and  ^ 


Tw» 


FUSES 


«ynPB.All 

WlllBtd 

inUr.K .'.".:;::::; 

U.   S.    L 

gS&razzr: 

_ WiUard 

Willacd 

Jackson,  0-38 


Kline,  6-n5-T. Prest-O-L   80 

La  Fayette Bxlde         120 

IrfilDSon7s-M"ZZ.'.','.'."  Wiiiard      ic'i) 

Liberty,  10-C Willacd       90 

Locomobile,  48 Kilde  IBO 

Lorraine tJ.  8.  L.       W 


Enrl. 

QT 
C.B, 

V 

Cart- 

6 

GT 

6- 

Cart. 

'1 

McFarlHn,  12T 

Mercer.  Ser.  5 

Meteor,  KR 


Oldsmoblle,  3T-A.... 
Oldflnabile.  4B.B.... 


PateraoD,  S-4T 


Willflrd 
,  Wlllard 
.    -K-llIara 


Wlllard      100 


Wiiiard      104 


,    Wlllard      lOO 


Cart. 


AUTOflOBIlE  ELECTRICAL  SYSTEMS 

Electrical  Equipment 

Fob  Limp,  Spare:  Pluo  and 

ignition  genbratoh       motor 


Pilot.  B^E •    Ihinl 

Porter.  4a. Ihinl 

Pmnler,  S-D. Sinicie 

Beo.  T  and  U. 

B«,  T8  and  US... 


H&A  West 


t>«]co 

North  East 

6  North  East 

B.  &  V  Knlsbt. 

J.AR,. Dual  ' 

-Suon.  IX Siniclc  I 

Sarer,  C.  P SinRtc  1 

Soriiips-Bootli,  B  Sinela  J 


SlnRT.  Zt 
Skdton.^ 


Totaa-B- Sinfrie  Delco  Hand    Dyneto 

Velle.  84 Slnfile  At.Kent.  H  &  A  West 

Velle.48 SIiikIc  At-Kent.  BIJur 

WeMcott,  C-3S 

and  48 Sinele  Delco  H  &  A  Deleo 

WllIr»-EDl^t. 

(ffl. SinKlo  Conn.  Hand    A-L 

Wlnther.  ei Sinelo  West  Hand     West 

WInton,  24 ,....  Sinnla  Boseh  Hand     Bijur 

Winton.  ZB Sin'-Ic  Bowh  Hand    BiJur 


•  Starting:  and  LLghtlns  in  closed  models  only.  Ignl- 
-Kent;  Conn,  Connecticut;  Went.  WestinBhouse :  Auto. 
.  Hand  and  Automatic;  S.  A..  Semi-AuComattc.  Gener- 
■:G  &  D.  Gray  &  Davis:  Uec^N,  Leece-Nevilie  ;  Ward- 
V,  £.,  North  East:  Split,  Splitdorf.    Motor:  A-H,,  Auto- 

&   Dsvis;  Leeee-N,   L««e-Nevllle ;    Wett,  WesUnghoose. 


Dpi  .?d  by  Google 


TABLES  OF  ELECTRICAL  EQUIPMENT,  ISW  TO  1920  CAHS 

of  1920  Cars— Concluded 

Horn  Equipment,  see  pagea  55S  wid  559 

BATTERY  ot  FUSES 

Wii^  Elec- 


Peerless,  Ser.  8.... 


WUlar 


Piedmont,  fl-40 WlUflrd      "w  8  1  s"  Zl""."' 

Plerce-Arrow, 3S & 4& Wlllaril       150  9  IS  BAG 

Pilot  8-46. Preat-O-L   80  fl  1  GI  

Porter.  47... Prest-0-L118  12  18  Cart 

Premier,  O-D -.-  WUIard      123.5  6  18 

Reo,  T&U-^ —  Wiilard      108.5  6  2  01  Wire" 

Eeo,  T8  &  r  8. WUlard      108.5  6  18  Wire 

Severe. WJIlard      120  6  1  S  QT 

Roamer.  6-04 - Columbia  117  9  IS  3A 

U  ft  V  Knight,  J  &  It Wlllard      117  6  IS  Cart.  21 

Sttion,128. Prest-0-L   80  9  IS  Cart. 

Sayeca,  C.  P.... Wiilard       80  8  1  GI  CK 

8c rlpps- Booth,  B. Preet-O-L   85  9  1  GI  GT 

Seneca,  Ij Prest-O-L   88  9  1  GM 

Sinser,  20. Wiilard      115  6  1  S  GC'""* 

SkeltOD,  85 „ Prest-O-L   85  6  1 

SpHcke,  S-20. 

Standard,  8-1 Wiilard      160  6  1  SW  2A 

Stanlej,  738..... —  Wiilard       100  8  1  O         Cart. 

Stearns,  SKL-4 Wiilard        81.5  12  IS  Cart. 

Stephens,  80 „.  U.   S.  L.     118  9  18. 

Stevens -Pnryea „ 

Studebaker,  All Wiilard      115  6-8  18  Cart." 

Stiitz,  H Wiilard      12  "18  

Templar,  645. Columbia  100  6  18 

Tulaa Enlde            90  6  1  S  GT 

Velle.  34.. _ Wtllard      100  6  

Velle.  4a Wtllard      120  6  1  S  Wire  ' 

Wosttott,  C-38*4a Wiilard      120  6  1  S  CB 

Wlllys-KniKht,  20. V.   S.   L.     170  6  1  GI  GT 

WIniher,  61 Wiilard      127  6  ....  8  GI 

Wlnton,  24 Wiilard      320  6  8  GT 

Wlntun.S5. Wiilard       139  6  1  S  CB 

Battery:  Preit-O-L.  Preo(-0-Lite.    Wiring  system;  GI,  Generator 

tlon  combined;  GIM,  Generator,  Isnitlan.  Motor  combined;  S, 
MoWr  Iznitlon  separate  ;  GM,  Generator  and  Motor  combined  1 
Glaaa  Tube;  Cart  Cartridare;  C.  B,  Cireuit  Breaker.     Lamps; 

in   eeriea   with    uillights ;   headlirtt   containa   aideliKht:  '       ' 
•,— sliiEle  contact. 


D,o,i.?dhyGoo*;le 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

For  IcsiTiON,  Generator,  Motob, 


LAMP    CANDLEPOWER,    VOLTAGE    A 
TYPE   OF   BASE 
HEAB-  SIDE-  TAII^ 


Allen  43 -. 

BinBC 

o_ 

Hingt 

n- 

lt.ci!sin-T&lU-ll. 

G— S       IS       •«■-« 


30 


Klilc'k 

OlcIilllK- TiT -      ,    ■,  „    „  „. 

Cise  V---0... ""B*-  2    3  7I 

C1iilllll>l<'n  KO -■  HinB  p  (1-H  la 

Chunillrr  AH J?'""!'-"  S"    ,  li 

Chevrolet  All -  "!"«!•■  2"  ^  t1 

Cleveland 40. -  J'!"*'!*  S"?  1.' 

Coll' All «»e"  "  *  21 

ColiimWii  All -.  NiiKK'  « -S  IS 

Tomet  C-na SliiKl.'  ft  -M  IR 

Crow-Klkert  I,-n.-...  HlnKl-  fl-S  15 

Ciinniiicliani  V-3....' UJnKle  tt -«  21 

DSviKni".".-.::r~":::  wnci^  « -«  ji 

IHjLle  Flyer !'""','''"  ,!^    ?,.  iS 

Doilce  Brotlier- Sj"'^!';  'u":i"  1? 

"h  p<?i?tX'vz;:r."*."  '»i"Bie  e -»  21 

Ek'arAli. SiiiBle  (i- -8  21 

Klirin  K              Siiigle  0-8  IT 

KssexA" SUiRlu  0-8  15 

I'Vrrl- ..- :■  •"  ■■;: 

FordT* Ili.llliJe  0    8  IT 

FraiitUii  n-ll Innihl..  IL'-Kl  21 

GurcliierO Wli.gli-  H  -t>  15 

r.en>ninio h[«sU-  (  -8  Jt 

nr:mtlt i-li\i:U-  (i-H  V.. 

IIimKnn4a-A f^lns'''  '^  ^  J'J 

Hnrniiin hiiiul--  0-8  !•> 

ll!irviiril4-20 «    S  .... 

IlMtrti'lilA Hhiplf  0-8  1,. 

IlavneRAIl HouI.Ik  0— S  1j 

II.  C.  S.  Sifc.'lnl , 

Hollter  lKie-l{ Single  0-  -8  15 

Holmpx I'ouble  12 — 10  30 

H u lis nn  Super- Six.  Single  0—8  15 


0— s  2  ae— 8  2 

0—8  2  0—8  4 

6--8  S  0~S  2 

0--8  2  0--S  2 

1—8  2  JO --8  2 

0-8  2  0—8  2 

U3— 4  2  lis— 4  2 

J2— 10  2  12—10  2 

0— N  a  e~S  2 

dO-S  3 


0-S 
0—8 
0—8 
0-8 
rt3-4 


0-8 

4 

l^        2 

0-ii 

"4" 

0-8        2 

fl-ii 

.> 

0-8        2 

..*.. 

0-S        2 

0-8 

..*.. 

0-S        2 

•0-8 

12 

dO-8        2 

4 

0-8 

.-^„ 

3—4         2 

TABLES  OF  ELECTHIt^AL  EC;U1PMENT,  1916  TO  1920  CARS 

of  1920  Cars 

Battery  and  Fuse  Equipment,  see  pages  B5i  and  555 

SPARK  PLUGS 


Hiiffmnn 

Hupmoblle  B- 


Klaxon 
Trojan 
Siinrton 


SiiartoD 


AUTOMOBILE  ELECTRICAL  SYSTEMS 


Electrical  Equipment 

For  laNiTiON,  Generator,  Motor, 


it1!s:'S,t^s~:: 

.-   Single 

jSrfl!Stt:z:::::; 

^    Single 
..  Single 

£XSu'- — 

..  Single 

Lmet 

LeilBStnn  S-»...._..  Single 

LlbertylO-C, Single 

LDi^omoblle  48-6-7..    Single 

Lorraine Single 

UalbohmB Single 

Harmon  34 Single 

Maxwell  S& Double 

HcFarl«nl2T. :.  Single 

Heicer  8er.  b. Single 

Uetcor  K  K Single 

Hctt,  Iftuiter  Six—  Single 

UitebeUF-4a Single 

Monitor 

Uoi)ro*a-S. Double 

Hoonft-48 Single 

BIooiifl-«a 

Bfoaref. Single 

Naoh Single 

National  Serlea  BB   

NelBon  D. Double 

Nomnl-B. Single 

Oakland  U-B. Single 

Ogren  9-9IK— —  Single 

Oldsmolille  3T-A~..    Single 
Oldsmoblle  4B-B-„.   Single 

Olympian  4a 

Overland  4 8ingl« 

Packard  3-3S. Single 

Paige  All Single 

Pan-American  All..    Single 

Patsrson  6-41. Single 

P«erl«i8  Ser.  6. Single 

nedmont4-30. Single 

Piedmont  6-40. Single 

Pierce- Arrow  38ft4*  Single 

Pilot  8-40. Single 

Porter4S Single 

Premier  &,.— Double 

ReoTAU. Double 

BeoT6&U& Single 

Rerere Single 

Roamer  6-S4. Single 

RATKolchtJ*]  Single 


6-8      21        6— S 


6—8      16        6—8 


6-8       15        6-8 


6—8       15        8-8 
8—8      15        8—8 


s8— 8        2      b6— 8    2 


8—8        2      (19-8    2 


8—8        2      d8— 8    '. 


12—19 

6—8 
8—8 


8—8        2      36—8    a 


TABLES  OF  ELECTRICAL  EQUIPMENT,  1918  TO  1920  CABS 
of  1920  Cars— Continued 

BATTtXT  AND  FU3E  EquH'IIEnt  See  pages  554  and  S55 


Jordan  M.... 
King  a 


LexlDgton  S-20 

Liberty  IttC. 

Locomobile  t8-6-T..„, 

Maiboh  ra 'SZ";™"I 


.  CbamploQ  .. 
.  Cbamitiod  .. 
.    A.  C 

A.  C 

.  CtiamploD  ... 
.    A.  C 

Champion  ... 


Tltaa   

A.  C.  ...- 

Champion  ~ 


Stewart 
Sparton 


Mf^tn,  Master  Sii Cbampian  .. 

Mitchell  P.40 A.  C.  

Monitor Champion  .. 

Monroe  S-0. Champion  .. 

MoonS-4S. Champion  .. 

Moon  6-eS.. Champion  .. 

Moore  F. , „ Champion  .. 

Nash A.  C 

National  Series  BB A.  C 


Oldsmobile  37- A 
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Wiring  diagram  of 4: 
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starting  and  lighting  system  for 
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^ring  diagram  of • 
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mstructioosfor. ; 
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eldctiicd  units  for  Ford,  Installing    I 
generator  equipped  with  electro- 
magnetic regulation,  installed  on 
a  Ford  car,  Internal  connections 

of ! 

equipped  with  electromagnetio 
regulation,  installed  on  Ford 

car,  Wiring  diagram  of ! 

output,  Adjusting ! 

ingtaliation  on  Ford  car.  Wiring 

diagram  of ) 

starting  and  lighting  B)-stem,  in- 
stalled on  a  Ford,  Internal  con- 
nections of ! 

switch  and  wiring.  Installing  on 

Ford  car J 

system  for  Fords 1 

,  Method  of  locating  troubles.,    ! 
Hendricks  permanent  magnet  type  of 

charging  generator 1' 

system  for  Ford  cars 1' 

High  t^ision  ignitjon  troubles Z 

magneto  for  Fords,  Kiie 1! 

magneto  on  Maxwell,  Wirit^  dia- 
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equipment s; 
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device  transforma  eJeotrioal  energy 

into  heat  energy 
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regulation,  Remy     3; 
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lifting    unit    for    motorcycles, 

Boaeb 4' 

relay,  Delco 21 
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,  Spark  plug S' 

system, Adjusting Vibrator-LeB...  Z 
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lighting  and 

,  Cronections  for  Atwater-Kent  1) 
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ioT  Fords,  Wudng  diagram  of 
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on  Maxwell,  Wiring  diagram  of 
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system  on  a  Ford I 

systems,  Remy 31 

,  Troubles  with Z 
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trouble.  High-tension 2^ 

,  Locating 2! 

Ignition  trouble  on  Ford,  overcoming    1 

troubles  and  causes 2' 
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storage  battery. 1( 
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of  Weatinghouae  generator. ....  3' 
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troubles  and  causes 
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trouble  chart 535 

voltage 556 

Motors,  Auto-lite 223 
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Method 149 
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59      Testing  troubles,  Locat^g  in  Weet- 

91  inghouse ': 

unit,    Westinghouse   generator 

81  and 41 

55             with  Eendix  drive,  Bemy  four- 
pole,  series-wound 3! 
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50 
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Testing  apparatus,  List  of 41 

50  armature  lor  grounds 51 

69         condenser.  Easy  method  id 2 

connectioo     between     insulated 

24  terminal  and  positive  brush 51 
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magneto 481 
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outfit,  Simple 525 
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ternal connection  of  Gray  and 

regulation 2 
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system.  Wiring  diagram  of 
Tracing  the  Cuiimt 
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Locating ! 

,  Locating  in  Westinghousa  start- 
ing motor ! 
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lalflr 429 
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diagram  of 426 
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590  WDl 

Wiring  diagrams: 

,  Importance  of.  in  locating  trouble    13 

□r  Allis-Ouilmers  iDstallatiori  oa 
Grantcara 459 

of  Atwat«r-Kent  ignitjou  aystan) 
onMaiwell 393 

of  Auto-Iito  Inatsllation  on  1917 

Chevrolfit 232 

on  Ovvland 22g 

ofBtjuriiistallatioaDnApper9oncar344 
OD  Packard  car,  with  Delco 

ignition 352 

onJeffery-Chesterfleldcar 346 

oti!918PaiAard 354 

Ml  Scripps-Booth  cars 348,350 

of  Bosch  standard  ingtallat30n,443,  444 

ot  chun-drive  GenemotM*  system 
for  Ford  cats 128 

,  complete,  of  tha  Disco  two-unit 
starling  and  lighting  system  for 
Fords    144 

,  complete,  of  tho   Dyneto  elec- 

triial  system  for  Fords 168 

IB  Fiahor  electrical 


m  for  Fi 


154 


of  Delco  iostallatioaoDAubunicar  2 

onBuidt 258.290 

on  Cadillac 254,297 

onCariercar 262 

onCoteear 264 

onDaviscara 268 

on  Hudson  car. 256, 282 

on  Moon  car 252 

on  Oakland 294 

on  Wosteott  cars. 270 

of  Dyneto  combined  cutout  and 

■  regulator 449 

';    12-volt   angle-wire 


angle-wire  and  two-wirasystoT 

of  Gray  and  Davis  electric  starting 

and  lighting  system,  on  Ford, 

electromagnetic  regulation 

installation  on  Fuge 


,  453 
450 


Wiring  diagrams: 

aingle-mre  installation,  variable- 
speed  ahunt-wound  generator  422 

stmting  and  lighting  system  for 
Fcrd  car,  tbird-brush  regula- 

two-wire  instAllatJun,  constant- 
speed  compound-wound  gen- 
erator  417 

of    Hanze-S[Minglield    gena^tor 
equipped  witb  electromagnetic 
regulation,  installed  on  Ford  car    90 
installation  on  Ford  car 88 

of  improved  shaft-drive  genemotor  124 

<i  internal  connection  of  Gray  and 
Davia  third-brush  generator. . .    33 

of  Kemco  startii^  and  lighting 
system  for  Ford  cars 170 

of   Leece-Neville    generator   and 
drcuitbreakn'ODHaynescBrs. .  440 
installation  on  Haynes  cars.  437,  439 

installations  on  1913  and  I914cars  436 

of  magneto  for  gear-driver  attach- 
ment for  F<Fd  cars 205 

of  Model  G  North  East  system  as 
applied  to  theOodgeBri^hers  car  310 

ot  1914  Wagner  instailation  on 

325 

system  219 


of  Philhrin  dupit 

of  Remy  grounded  ignition  system  3i 

of  Remy  insulated  ignition  system  3i 

aystetn     on     Modne-Universal 

tractor 3' 

system  on  1917  Eeo 3( 

system  on  Reo,  diowing  the 


of  standard  equipment  on  a  Ford.     . 
of  starting  motor  drciut  of  all 
Delco  systema 2i 


thecircuit 126 

of  Snuna   high-tanaon  magneto 
on  Maiweli 394 


c;oiK(ic 


Wiripg  diagramr 
of  8bnm»-Ha9  instalUtSoa    <m 

MaiweU 382,384, 

of  Simms-Huff  oa  Maxwell,  Sim- 

of  three-imit  angle-wire  electrical 

ot  lypoal  three-unit,  angle-wire 
electric^  system 

of  Weslinghouae  system  on  Ford 
car  with  other  than  Westing- 

houae  lamps 

on  Ford  car  with  Weatinghouaa 

of  USL  I2-12-v^t  system,  in- 
herently regulated  type 

24-12  volt  aystem,  external  re- 
lator and  armature  type 

24-12  volt  system,  inherently 
regulated  type 

of  Vibrator-Lea  ignition  ^stem 
for  Fords 

of  Wagner  installation  on  Saxon  car 

of  Wagner  system  used  on  Stude- 

of  Westinghouae  combined  cutiiut 
and  voltage  regulator,  separately 
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Wiring  diagrams: 

mounted  insde  of  gi 
188  combined  genwator  and  mottH- 

unit 4: 

(92  installation  on  Chalmers 4: 

,  Why  it  is  of  no  value  tn  woridng 

10  men 

and  symbols , . 

10  ,  Heading 

,  Typical T. 

Wiring  of  Buick  models 21 

62         ofCadillac 55,2! 

of  chain-driven  Genemotor 1! 

61  of  Hudson  Euper-fiii 2t 

9  of  Oakland 34,21 

of  Studeb^t^  series IS,  3f 

131         symbols,  Conventional 

system,  Tngtnlting  Westingboi^ 

126  onFord ( 

.Typical « 

130  tlie  VibralOT-Lea  system  on  Ford 


Yoke  and  truahes  for  supportjng 
Gray  and  Davis  third-brush 
generator 
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